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TABLE 5.2. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR SOLIDS AND SEMISOLUJS

PARAMETER

2,4,5-TricbJorophenoI

2,4,6-Trichlorophenol

Trichlorophenols (2,4,5 + 2,4,6)
o,o,o-Triethylphosphorothioate
1 ,3,5-Trinitrobenzene
Surrogate - Nhrobenzene-dJ

Surrogate - 2-F)uorobiphenyl

Surrogate - p-Terphenyl-dl4

Surrogate - Phenol-dJ

Surrogate - 2-Fluorophenol

Surrogate - 2,4,6- Tribromophenol

Surrogate - 2-Cblorophenol-d4
Surrogate -l,2-Dichlorobenzene-d4

METHOD
(Prep)

8270(3550)
CLPOLM01.9
CLPOLM03.1
8270(3550)
CLPOLM01.9/OLM03.1
8270(3550)
8270(3550)
8270(3550)
8270(3550)
CLPOLM01.9/OLM03.1
8270(3550)
CLPOLM01.9/OLM03.1
8270(3550)
CLPOLM01.9/OLM03.1
8270(3550)
CLPOLM01.9/OLM03.1
8270(3550)
CLPOLM01.9/OLM03.1
8270(3550)
CLP OLMO 1 .9/OLM03. 1
CLPOLM01.9/OLM03.1

CLP OLM01.9/OLM03.1

REF

2
62
85
2

62/85
2
2
2
2

62/85
2

62/85
2

62/85
2

62785
2

62/85
2

62/85
62/85

62/85

ACCURACY"
(•/. Rec)
25-130

NA
NA

41-130
NA
NA

10-150
10-150
20-120
23-120
30-120
30-115
30-131
18-137
19-114
23-113
16-113
25-121
23-129
19-122
20-130

20-130

PRECISION-
(% RPD)

0-36

NA
NA
0-30

NA
NA

0-50
0-50
NA

NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA

MDL"
(ug/kg)

29
800
83C
20

330
NA
51
21
NA

NA
NA

NA
NA
NA
NA

NA
NA
NA
NA

NA
NA

NA

RLA
(ug/kg)

330
800
830
330
330
330
330
330
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
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TABLE 5.1 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR SOLIDS AND SEMISOLTOS

PARAMETER METHOD
(Prep)

REF ACCURACY
(% Rec)

PRECISION
(% RPD)

MDL"
(ug/kg)

RLA
(ug/kg)

Polychlorinaled Dibenzo-p-dioxin and Dibenzofuran 2,3,7,8-substituted Congeners

2,3,7,8-TCDD

2,3,7,8-TCDF

1,2,3,7,8-PeCDF

1,2,3,7,8-PeCDD

2,3,4,7,8-PeCDF

1,2,3,4,7,8-HxCDF

1,2,3,6,7,8-HxCDF

1,2,3,4,7,8-HxCDD

1 ,̂6,7,8-HxCDD

U,3,7,8,o-HxCDD

2,3,4,6,7,8-HxCDF

tA3,7,8,9-HxCDF

l,2A4,7,8,9-HpCDF

1,2,3,4,6,7,8-HpCDF

1,2,3,4,6,7,8-HpCDD

1,2,3,4,5,6,7,8-octa-CDD (MS)

U ,̂4,J.6,7,8-octa-CDF (MS)

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

8280

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

69-145

59-142

55-146

41-203

55-146

50-154

50-154

45-174

45-174

45-174

50-154

50-154

20-170

20-170

20-170
20-170

20-170

0-40

0-40

0-40

0-40

0-40

0-46

0-46

0-53

0-53

0-53

0-46

0-46

0-50

0-50

0-50
0-50

0-50

0.0069

0.062

0.11

0.12

0.13

0.10

0.13

0.12

0.12

0.12

0.057

0.057

0.062

0.065

0.16
0.14

0.13

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.50

1.0

1.0

1.0
1.0

1.0

Polychlorinated Dibenzo-p-dioxin and Dibenzofuran classes

tetra-CDD (MS)

tetra-CDF (MS)

penta-CDD (MS)

Penta-CDF (MS)

hexa-CDD (MS)

hexa-CDF (MS)

hepta-CDD (MS)

hepta-CDF (MS)

8280

8280

8280

8280

8280

8280

8280

8280

2

2

2

2

2

2

2

2

69-145

59-142

41-203

55-146

45-174

50-154

20-170

20-170

0-40

0-40

0-40

0-40

0-53

0-46

0-50

0-50

Internal Standards
2,3,7,8-letra-CDD-13C12
2,3,7.8-tetra-CDF-13C12
1 ,2,3,6,7,8-bexa-CDD- 1 3 C 12
l^^^.e.T.S-hepta-CDF-ncn
octa-CDD-13C12

8280
8280
8280
8280
8280

2
2
2
2
2

25-150
25-150
25-150
25-150
25-150

KA
NA
NA
NA
NA

0.12

0.040

0.089

0.068

0.13

0.051

0.13

0.063

0.50

0.50

0.50

0.50

0.50

0.50

1.0

- 1.0

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
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TABLE 5.2. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR SOLIDS AND SEMISOLIDS

PARAMETER

Chlordimeform (Galecron)

5-Chlordiraeform

Dithiocarbamates (as Ziram)3

Benomyl (as Carbendazim)

Aminocarb

Barban

Bromacil

Carbary! (MS)

Carbofuran

Chlorpropham

Diuron (MS)

Fenuron

Fluometuron

LinuroD

Methiocarb

Methomyl

Monuron

Neburon

Oxarayl

Prop ham

Propoxur

Siduron

Swep

Oryzalin

METHOD
(Prep)

623(3550)

625(3550)

630(3540)

631

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3530)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

632(3550)

638(3550)

REF

1/2

1/2

63/7

55/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/2

13/7

21/2

ACCURACY*
(%Rec)

10-150

10-150

50-126

49-139

50-150

85-128

66-120

JO-150

23-109

50-150

50-150

50-150

50-150

64-130

50-150

50-150

65-109

50- 150

50-150

50-150

63-116

50-150

50-150

60-140

PRECISION* .
(% RPD)

'o-jo
0-50

0-52

0-50

0-50

0-25

0-25

0-50

0-31

0-50

0-50

0-50

0-50

0-28

0-50

0-50

0-25

0-50

0-50

0-50

0-33

0-50

0-50

0-40

MDL*"
(ug-kg)

580

300

190

7.8

2.2

8.3

14

14 -

23

11

3.3

4.1

5.0

3.8

13

28

2.7

2.9

12 ,
10

69

15

4.9

4.5

RLA
(ug/kg)

670

330

1000

30

50

20

40

50

50

20

5.0

10

10

5.0

50

200

5.0

5.0

50

50

200

20

20

25

"The compounds
metham, nabam, polyram,

determined as ziram by Method 630 include amobam, farbam, mancozeb, maneb,
and zineb.



Section 5
Revisioir.O
Date: 01/99
Page 148 of 212

TABLES.! LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR SOLIDS AND SEMISOLIDS

PARAMETER

Acenaphthene (MS)

Acenaphthylene

Anthracene

Benzo(a)anlhracene

Benzo(b)fluoninthene

Ben2o(k)fluoranfhene

Benzo(g,h,i)perylene

Benzo(a)pyrene

Chrysene (MS)

Dibenzo(a4i)anthracene

Fluoranthene

Fluorene (MS)

Indeno( 1 ,2,3 -cd)pyrene

1-Methylnaphthalene

2-Methylnaphthalene

Naphthalene (MS)

Phcnanthrenc

Pyrene(MS)
Surrogate - 4-Terphenyl-dH

METHOD
(Prep)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)
8310(3550)

REF

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2
2

ACCURACY'
(% Rec)

11-144

10-139

10-126

12-135

10-150

10-159

10-120

10-128

10-199

10-110

56-136

10-142

10-116

10-125

10-125

31-159

10-155

49-156
28-151

PRECISION'
{% RPD)

0-35

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-28

0-40

0-40

0-40

0-40

0-34

0-40

0-28
NA

MDL"
(ug/kg)

8.3

8.7

0.34

1.2

0.27

0.54

1.4

1.0 .

1.0

3.7

1.4

0.82

1.1

12

5.1

6.0

0.77

2.1
NA

RLA
fug/kg)

50

20

4.0

4.0

4.0

4.0

10

4.0

4.0

10

10

10

10

20

20

20

4.0

10
NA
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TABLE 5.2. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR SOLIDS AND SEMISOLIDS

PARAMETER

Acetaldehyde
Formaldehyde
Acryl amide
AJdicarb (Teraik) (MS)
Aldicarb sulfone
AJdicarb sulfoxide
Outofuran (Furadan) (MS)
Carbaryl (Sevin)
Dioxacarb
3-Hydroxycarbofuran
Methiocarb (Mesurol)
Metbomyl (Lannate)
Oximyl (MS)
Prodccarb
Propoxur (Baygon)

METHOD
(Prep)
8315
8315
8316
8318
8318
8318
8318
8318
8318
8318
8318
8318
8318
8318
8318

REF

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

ACCURACY*
(% Rec)

30-156
30-170
27-120
44-114
58-118
33-143
53-123
56-126
55-125
60-120
52-122
54-114
45-161
44-120
46-116

PRECISION*
(%RPD)

0-36
0-47
0-50
0-50
0-50
0-50
0-50
0-50
0-50
0-50
0-50
0-50
0-50
0-50
0-50

MDL"
(ug.kg)

19
23
220
0.79
1.0
1.0
1.7
1.6
1.9
1.6
2.0.
1.7
1.8
1.7
1.5

RLA
(ugrtcg)

250
100
1000

10
10
10
10
10
10
10
10
10
10
10
10
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TABLE 5.2. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR SOLIDS AND SEMISOLJDS

PARAMETER

2-Amino-4,6-dinitrotoluene
4-Amino-2,6-dinitrotoluene
1,3-Dinitrobenzene (MS)
2,4-Dinitrotoluene (MS)
2,6-DinitrotoIuene
Diphenylamine
Hexahydro-l,3,5-trinitro-l,3,5-trUzine (RDX)
Methyl-J.^e-trinhtd-phenylnitramine (Tetryl)
Nitrobenzene
Nhroglycerin
n-Nitrosodiphenylamine
2-Nitrotoluene (MS)
3-Nhrotoluene
4-Nhrotoluene
Octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocuie
(HMX)
Pentterythritol tetranitrate (PETN)
1,3,5-Trinitrobenzene
2,4,6-Trinhrotoluene
Surrogate - 3,4-Dinitrotoluene

METHOD
(Prep)

8330
8330
8330
8330
8330
8330
8330
8330
8330
8332
8330
8330
8330
8330
8330

8330
8330
8330
8330

REF

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2

ACCURACY
•

(% Rec)
50-150
58-126
50-132
54-120
59-122
65-140
54-166
41-165
52-152
48-152
55-121
52-138
69-137
54-166
29-156

50-150
47-123
74-119
22-128

PRECISION

(% RPD)
0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-30
0-50
0-30
0-40
0-30
0-30
0-600

0-30
0-30
0-30

A

MDL"
(ug/kg)

130
150
39
39
87
16
99
220
130
38
32
77
140
130
130

34
50
74
NA

RLA
(ug/kg)

250
500
250
250 I
500
100
500
500
250
1000
100
250
250
250
500

1000
250
250
NA

TABLE 5.2 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR SOLIDS AND SEMLSOLIDS

t

PARAMETER

Glyphosate

Acrylic Acid
Cyanuric acid
Ethylenethiourea
Maleic Acid/Maleic Anhydride
Nitrocellulose
Phthalic acid/Phthalic anhydride
Thiodiglycol

METHOD
(Prep)

547/SL SOP

SL-SOP
SL-SOP
SL-SOP
SL-SOP
SL-SOP
SL-SOP
SL-SOP

REF

51

68
102
104
103
108
103
112

ACCURACY-
(% Rec)

50-150

25-150
50-150
40-120
69-106
20-150
30-142
40-128

PRECISION-
(% RPD)

0-50

0-50
0-50
0-40
0-21
0-60
0-40
0-50

MDL"
(ug/kg)

570

1100
150
7.6
20

14000
5.6
400

RLA
(ug/kg)

2500

5000
2500
50
80

50000
100

1500
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TABLE 5.3. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR TOXIC CHARACTERISTIC LEACHING PROCEDURE (TCLP)

PARAMETER

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

METHOD
(Prep)

1311/6010(3010)
1311/6010(3010)
1311/6010(3010)
1311/6010(3010)
1311/6010(3010)

1311/7470
1311/6010(3010)
1311/6010(3010)

REF

i

2
2

2
2

2
2
2

ACCURACY"
(% Rec)

75-125
75-125
75-125
75-125
75-125
80-120
75-125
75-125

PRECISION*
(%RPD)

0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20

MDL«*
(meO,)

0.0053
0.0012

0.00071
0.0017
0.0015
0.0072
0.0042

RLA
(mg/L)

0.20
1.0

0. 10
0.20
0.20
0.020
0.50

0.0019 j 0.10

TABLE 5.3. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR TOXIC CHARACTERISTIC LEACHING PROCEDURE (TCLP)

PARAMETER

Eodrin

Linda nc

Metboxychlor

Chlordane

Toxaphene

Heptachlor

Heptachlor Epoxide

Surrogate - Tetrachloro-m-xylene (TCMX)

Surrogate - Decachlorobiphenyl (DCB)

Surrogate - Dibutyl chlorendate (DBQ

METHOD
(Prep)

1311/8081
(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)
1311/8081

(3510/3520)

REF

2

2

2

2

2

2

2

2

2

2

ACCURACY*
(%Rec)

41-158

40-139

60-155

54-140

12-130

37-148

43-141

30-150

30-150

30-150

PRECISION*
(%RPD)

0-25

0-36

0-43

0-30

0-30

0-26

0-31

NA

NA

NA

MDL**
(mg/L)
0.00023

0.000052

0.0016

0.0061

0.062

0.00011

0.000088

NA

NA

NA

RLA
(mg/L)
0.0050

0.0025

0.025

0.025

0.25

0.0025

0.0025

NA

NA

NA
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TABLE 5.3. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR TOXIC CHARACTERISTIC LEACHING PROCEDURE (TCLP)

PARAMETER

2,4-D
2,4,5-TP (Silvex)
Surrogate - DCAA

METHOD
(Prep)

1311/8151
1311/8131
1311/S151

REF

2
2
2

ACCURACY

(% Rec)

11-134

10-100
27-133

PRECISION-
(% RPD)

0-78
0-66
NA

MDL"
(mg/L)

0.0095
0.00022

NA

RLA
(mg/L)

0.025
0.025
NA

TABLE 5.3. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR TOXIC CHARACTERISTIC LEACHING

PROCEDURE (TCLP)

PARAMETER

Benzene
Carbon tetrachloride
Chlorobenzene
1,2-Dichloroethane
Chloroform
1,1-Dichloroethylene
Methylethyl ketone
Trichloroethyiene
Tetncbloroethylene
Vinyl chloride
Surrogate - Tohiene-dS
Surrogate - p-Bromofluorobenzene
Surrogate - Dibromofluoromethanc
Surrogate - l,2-I>ichloroethane-d4
Surrogate - l,2-Dichlorobenzene-d4

METHOD
(Prep)

1311/8260(5030)
1311/8260(5030)
1311/8260(3030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)
1311/8260(5030)

REF

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

ACCURACY-
(% Rec)

62-135
57-128
72-127
65-131
62-130
46-147
42-167
56-143
60-148
43-142
72-122
74-126
70-130
70-130
70-130

PRECISION-
(•/. RPD)

0-16
0-13
0-22
0-23
0-20
0-30
0-31
0-35
0-24
0-21
NA
NA
NA
NA
NA

MDL"
(mg/L)
0.0011
0.0021
0.0032
0.0023
0.0036
0.0018
0.044
0.0011
0.0064
0.0048

NA
NA
NA
NA
NA

RLA
(mg/L)
0.020
0.020
0.020
0.020
0.020
0.020
0.10
0.020
0.020
0.040
NA
NA
NA
NA
NA
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TABLE 5.3. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR TOXIC CHARACTERISTIC LEACHING

PROCEDURE (TCLP)

PARAMETER

Nitrobenzene

Hcxachlorobenzene

1 ,4-DichIoro benzene

2,4-Dinitrotoluene

Hexachlorobutad iene

Hexachloroethane

Pyridine

2,4,5-Trichloropbenol

2,4,6-Trichlorophenol

Cresols

PenUchlorophenol

Surrogate - Nitrobenzene-d5

Surrogate - 2-Fluorobiphenyl

Surrogate - p-Terphenyl-d!4

Surrogate - Phcnol-d5

Surrogate - 2-Fluorophenol

Surrogate - 2,4,6-Tribromophenol

METHOD
(Prep)

1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)
1311/8270
(3510/3520)

REF

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

ACCURACY*
(% Rec)

50-111

49-121

27-103

37-129

27-97

26-86

10-134

38-127

36-126

24-136

19-148

34-130

36-124

14-148

25-128

29-121

29-143

PRECISION*
(%RPD)

0-21

0-31

0-31

0-32

0-30

0-35

0-50

0-28

0-22

0-27

0-33

NA

NA

NA

NA

NA

NA

MDL**
(mg/L)

RLA
(me/L)

0.0016 0.050

0.0095

0.0014

0.0020

0.0018

0.0016

0.0046

0.0037

0.0018

0.0036

0.020

NA

NA

NA

NA

NA

NA

0.050

0.050

0.050

0.050

0.050

0.25

0.050

0.050

0.050

0.25

NA

NA

NA

NA

NA

NA
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TABLE 5.4 LABORATORY ANALYTICAL METHODS. QA OBJECTIVES AND . I
METHOD DETECTION LIMITS (MDL) FOR AIR

!l

PARAMETER

Dichlorodifluorome thane

Chloromethane

Vinyl chjoride

Bromomethanc

Chloroetbane —

Trichlorofluoromethane

1-, l-Dichloroethene -

Methylene chlori<fe-(Dichloromethane)

-Trans- 1 ,2-Dichloroethene

1 , 1-Dichloroetlane

2,2-Dichloropropane

Cis- 1 ,2-Dichloroethene

Chloroform

Bromochloromethane

1,1, 1-Trichloroethane

1 , 1-Dichloropropylene

Carbon tetrachloride

1 ,2-Dichloroethanc

Benzene

Trichloroethylene

1 ,2-Dichloropropanr

Bromodichlorometliane

Dibromomethane """

Trans- 1 ,3-Dichloropropene

Toluene

Cis-l,3-Dichloropropene

1,1,2-Trichloroethane

1 ,3-Dichloropropane

Tetrachloroethene

METHOD
(Prep)

TO1/T02

TO1/TO2

T01/T02

TO1/TO2

TO1/TO2

TO1/T02

TO1/T02

T01/TO2

TO1/TO2

TO1/TO2

T01/TO2

T01/T02

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

T01/TO2

TO1/TO2

TO1/T02

T01/T02

TO1/TO2

TO1/T02

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

T01/T02

TO1/TO2

REF

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

ACCURACY*
(% Rec)

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

PRECISION*
(%RPD)

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

MDL"
(Ufil

0.05

0.04

0.08

0.04

0.07

0.04

0.02

0.01

0.01

0.01

0.02

0.01

0.01

0.01

0.01

0.02

0.01

0.01

0.01

0.01

0.01

0.03

0.02

0.01

0.01

0.01

0.01

0.02

0.01

II
RLA
(ug)

0.20

0.20

0.20

0.20

0.20

0.20

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Dibromochloromeihane

1 ,2-Dibromomethane

Chlorobenzenc

1,1,1 ,2-Tetrachloroethane

EUiylbenzene

M&p-Xylene

o-Xylene

Styrene

Iscpropylbenzene

Broraofonn

1 , 1 ,2,2-Tetrachloroethane

1,2,3-TrichIoropropane

n-Propylbenzene

Broraobenzene

1,3,5-TrimetliyIbenzene

2-Chlorotoluene

4-Chlorocoluene

t-Butylbenzene

1 ,2,4-Trimethylbenzene

s-Butylbenzene

p-Isopropyltoluene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

n-Butylbenzene

1,2-Dichlorobenzene

l,2-Dibromo-3-chIoropropane

1 ,2,4-Trichlorobenzene

Hexachlorobutadiene

METHOD
(Pr«p)

T01/T02

TO1/T02

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/TO2

T01/T02

TO1/TO2

TO1/TO2

T01/TO2

TO1/TO2

TO1/TO2

TO1/TO2

T01/T02

TO1/TO2

TO1/TO2

T01/TO2

REF

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

ACCURACY'
(% Rec)

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

PRECISION'
(%RPD)

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

(MO

040

0-40

0-40

(MO

0-40

0-40

0-40

0-40

(MO

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

MDL"
(ug)

0.02

c.o:
0.01

0.02

0.06

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.02

0.01

0.02

RLA
(us)

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Naphthalene _

1 ,2,3-Trichlorobenzene

Acetone

2-Butanone (MEK)

Vinyl Acetate ..-

-4-Methyl-2-pentanone (MIBK)

'2-Hexanone

Carbon disulfide

METHOD
(Prep)

T01/TO2

TO1/TO2

TO1/TO2

T01/TO2

TO1/TO2

TO1/TO2

TO1/TO2

TO1/T02

REF

75

75

75

75

75

75

75

75

ACCURACY'
(% Rec)

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

PRECISION*
(%RPD)

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

MDL"
(UE)

O.C2

0.02

0.21

0.09

0.01

0.16

0.09

0.02

RLA
(u^

0.10

0.10

1.0

1.0

0.10

1.0

1.0

0.10

TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Foramaldebyde
Formaldehyde

METHOD
CPrtp)

TO5
TO11

REF

75
75

ACCURACY*
(% Rec)

43-142
43-142

PRECISION*
(%RPD)

0-30
0-30

MDL**
(UJ)

3.5
3.5

RLA
<U£)

50
50
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Irt-DJ-r, 3.4 LABUKA 1 UK I AJ\ALX 11UA.L !VlT,inUL>a, \^A UBJtA, 1 1 V K.-3 AMU ;:

METHOD DETECTION LIMITS (MDL) FOR AIR j

PARAMETER

Aldrin
alpha-BHC
beta-BHC
Gamma-BHC (Lindane)
delu-BHC
Technical Chlordane
alpha Chlordane
Gamma Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan n
Endosulfan sulfate
Endrin
"ndrin aldehyde
Endrin ketone
Hepuchlor
Hepuchlor epoxide
Methoxychlor
Toxaphene
PCB-1016
PCB1221
PCS 1232
PCB-1242
PCS- 1248
PCS- 1254
PCB-1260
Surrogate -
2,4,5,6- Tetrachloro-m-
xylene (TCMX)
Surrogate -
Decachlorobtphenyl
(DCB)

METHOD
(Prep)

TO4/TO10
TO4/T010
T04/TO10
T04/T010
TO4/TO10
TO4/TO10
T04/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
T04/TO10
TC4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
T04/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
TO4/TO10
T04/T010
TO4/TO10

TC4/TO10

TO4/TO10

REF

75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75

75

75

ACCURACY'
(% Rec)

10-144

22-101
12-120
12-138
10-142

45-119
45-140
11-141

28-134
34-121

29-134
28-137
10-141
10-141
26-144
33-149
10-130
29-112
17-138
15-142
24-152
41-126
34-137
15-178
10-215
39-150
38-158
66-122
58-150

10-114

27-128

PRECISION*
(%RPD)

0-38
0-40

0-40
0-37

0-47

0-40
0-40

0-40

0-50
0-23
0-26
0-30
0-40
0-65
0-50
0-32
0-86
0-31
0-38
0-40
0-40
0-50
(M4
0-30
0-30 •
0-30
0-30
0-30
0-30

NA

NA

MDL"
(us)

0.0041
0.002:
O.C053
0.0015
0.0019
0.061
0.002S
0.0026
0.0060
0.0069
0.0074
0.0023
0.0027
0.0037
0.0053
0.0085
0.0079
0.011
0.0025
0.0085
0.032
0.55
0.15
0.27
0.21
0.25
0.18
0.1 1
0.12

NA

NA

RL* jj
(ug) '

0.050 j
0.050 j|
0.050 I
0.050
0.050

0.50
0.050
0.050
0.10
0.10
0.10
0.10
0.050
0.10
0.10
0.10
0.10
0.10
0.050
0.050
0.50
5.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

NA

NA
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TABLE 5.4. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR ATR

PARAMETER

Acenaphthene

Acenaphthylene

Anthracene

Benzo(a)anthracene

Benzo(b)fluoranthene

Benzo(lc)fluorantbene

Benzo(a)pyrene

Benzo(g,h4)perylene

Benzyl alcohol

bis(2-Chloroethoxy)methane

bis(2-Chloroethyl)dher

bis(2-Chlorouopropyl)ether

bis(2-Ethylhexyl)phthalate

4-Bromophenyl phenyl ether

Butylbenzyl phlhalate

4-Chloroaniline

4-Chloro-3-methyl phenol

2-chloronapthalene

2-Chlorophenol

4-Chlorophenyl phenyl ether

Chrysene

Dibenz(ajj)anthracene

Dibenzofuran

1 ,2-Dichlorobenzene

1 ,3-Dicnlorobenzene

1 ,4-Dichlorobenzene

3,3'-Dichlorobenzidine

2,4-Dichlorophenol

Diethylphthalate

METHOD
CPrep)

T013

TO13

T013

TO13

TO13

TO13

TO13

TO13

T013

TO13

T013

TO13

TO13

TO 13

TO 13

TO 13

T013

T013

TO13

TO13

TO 13

T013

T013

TO 13

TO13

T013

TO13

T013

T013

REF

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

ACCURACY-
(% Rec)

67-112

60-102

70-130

73-101

70-130

70-130

74-104

48-100

58-100

66-100

50-100

62-100

50-150

70-130

50-150

62-100

70-130

69-100

53-100

50-150

70-130

55-100

74-122

46-100

41-100

44-100

77-136

69-100

70-130

PRECISION"
(% RPD)

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

MDL"
<ug)

4.4

4.1

3.3

2.7

3.0

4.9

2.9

2.2

2.4

2.5

2.2

3.3

4.9

3.9

2.8

2.6

2.6

2.8

2.7

4.2

2.4

2.4

4.7

3.4

3.1

3.3

5.6

2.7

3.4

RLA
(ug)

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

20

10

10

10

10

10

10

10

10

10

10

10

10

10
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TABLE 5.4. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AlR

1
PARAMETER

2,4-Dimethylphenol

Dimethylphthalate

Di-n-butylphthalaie

2,4-Dinitrotoluene

2,6-Dinitrotoluene

Di-n-octy) phthalate

Fluoranthene

Fluorene

Hexachlorobenzene

Hexachlorobutadiene

0 1 Hexachloroethane

Indeno( l,2,3-cd)pyrene

Isophorone

2-Methyl naphthalene

2-Methylphenol

4-Methyipbenol

Naphthalene

2-Nhroaniline

3-Nitroaniljne

4-Nitroaniline

Nitrobenzene

2-Nhrophenol

N-nhrosodipbenylamine

N-nitrosodi-n-propylamine

Phenanthrene

Phenol

Pyrene

1 ,2,4-Trichlorobenzene

2,4,3-Trichlorophenol

2,4,6-Trichlorophenol

METHOD
(Prep)

TO13

TO13

TO13

T013

T013

TO13

TO13

TO13

T013

T013

TO13

TO13

T013

TO13

TO 13

T013

TO 13

TO 13

TO 13

TO 13

TO13

T013

TO 13

TO 13

T013

TO 13

TO 13

T013

T013

TO13

REF

75

75

75

73

73

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

ACCURACY-
(% Rec)

48-100

70-130

50-150

66-110

59-100

50-150

70-130

70-130

74-123

58-104

44-100

59-100

52-100

24-107

59-100

59-109

30-100

62-100

75-100

76-100

20.100

35-100

70-130

63-100

70-130

74-135

70-130

57-100

77-121

65-103

PRECISION"
(•/. RPD)

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-23

0-25

MDL"
("g)

2.5

2.9

2.0

4.2

3.2

5.9

3.8

5.1

4.7

4.4

2.5

2.6

3.9

8.0

3.0

4.8

6.5

2.5

2.4

2.0

'5.0

2.4

2.8

3.0

3.6

5.8

3-7

3.8

4.2

3.8

RLA
("g) 1

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10 |

10 1
10

50

50

50

10

10 1
10 1

10 1
10

10

10

10

10 1
10
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Dichlorodifluoromethane

Chloromethane -

Vinyl chloride

Bromomethane

Chloroethane

Trichlorofluoromettiane

1 , 1-Dichloroethene"

Methylene chloridnpichloromethane)

Tfans- 1 ,2-DichIoroethene

1 , 1-Dichloroethane

2,2-Dichloropropane

Cis- 1 ,2-Dichloroethene

Chloroform

Bromochloromethane

1,1,1-Trichloroethane

1, 1-Dichloropropylene

Carton tetrachloride

1,2-Dichloroethane

Benzene

Trichloroethylene

1 , 2-Dichloropropane ""

Bromodichloromethahe

Dibromomethane

Trans- 1 ,3-Dichloropropenc

Toluene

Cis- 1 ,3-Dichloropropene

1,1,2-Trichloroethaoe

1 ,3-Dichloropropane

Tetrachloroethene

METHOD
(Prep)

T014/TO15

T014/T015

T014/T015

T014/TO15

TO14/TO15

TO14/TO15

TO14/TO15

TO14/TO15

T014/TO15

TO14/T015

TO14/TO15

T014/T015

T014/T015

TO14/T015

T014/T015

TO14/TO15

TO14/TO15

TO14/TO15

TO14/T015

T014/T015

T014/TO15

T014/TO15

T014/TO15

TO14/T015

T014/TO15

T014/T015

TO14/TO15

TO14/TO15

TO14/TO15

REF

75

75

ACCURACY*
(% Rec)

70-130%

70-130%

75 | 70-130%

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

PRECISION'
(%RPD)

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

MDL**
(mg/m3)

0.090

0.13

0.10

0.050

0.070

0.060

0.040

0.060

0.040

0.050

0.030

0.040

0.050

0.060

0.040

0.040

0.040

0.040

0.040

0.040 :

0.040

0.040

0.040

0.050

0.040

0.040

0.050

0.050

0.050

RLA
(mfr'm1)

0.20

0.20

0.20

0.20

0.20

0.20

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Dibromochloromethane

1 ,2-Dibromoethane(EDB)

Chlorobenzene

1.1,1 ,2-Tetrach!oroethane

Ethylbenzene

m&p-Xylene

o-Xylene

Styrene

Isopropylbenzene

Bromoform

1 , 1 ,2,2-Tetrachloroethane

1 ,2,3-Trichloropropane

n-Propylbenzene

Bromobenzene

1 ,3 ,5-Trimethylbenzene

2-ChlorotoIuene

4-Chlorotoluene

t-Butylbenzene

1,2,4-Trimethylbenzene

s-Burylbenzenc

p-Isopropyltoluene

1 ,3-Dichiorobenzene

1 ,4-Dichlorobenzene

n-Butylbenzene

1 ,2-Dichlorobenzene

1 ,2-Dibromo-3-chloropropane

1 ,2,4-Trichlorobenzene

Hexachlorobutadiene

METHOD
(Prep)

TO14/T015

T014/TO15

TO14/T015

TO14/TO15

TO14/TO15

TO14/T015

TO14/TO15

TO14/TO15

TO14/TO15

TO14/TO15

TO14/TO15

TO14/TO15

TO14/T015

TO14/TO15

TO14/TO15

TO14/T015

TO14/TO15

TO14/T015

T014/TO15

TO14/TO15

TO14/TO15

T014/T015

TO14/TO15

TO14/TO15

TO14/TO15

TO14/TO15

T014/T015

TO14/T015

REF

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

75

ACCURACY*
(% Rec)

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

70-130%

PRECISION*
(%RPD)

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

030

0-30

MDL"

0.050

0.050

0.040

0.040

0.040

0.040

0.050

0.050

0.040

0.050

0.050

0.040

0.040

0.050

0.040

0.040

0.050

0.040

0.050

0.040

0.040

0.060

0.070

0.060

0.060

0.12

0.21

0.060

RLA

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.10

0.50

0.50

0.50
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES ANT)
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Naphthalene

1 ,2,3-trichlorobenzsne

Acetone

2-Butanooc (MEK)

Vinyl acetate

4-Methyl-2-penunone (MBK)

2-Hexanone

METHOD
(Prep)

T014/T015

TO14/T015

T014/T015

T014/T015

T014/T015

T014/T015

TO14/TO15

REF

75

75

75

75

75

75

75

ACCURACY'
(% R«c)

70-130

PRECISION*
(%RPD)

0-30

70-130 1 0-30

70-130

70-130

70-130

70-130

70-130

0-30

0-30

0-30

0-30

0-30

MDL«
(mg/m3)

0.50

0.41

0.61

0.18

0.050

0.090

0.18

RLA
(me/in3)

0.50

0.50

1.0

1.0

0.50

1.0

1.0
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Dichlorodifluoromethane

Chloromethane

Vinyl chloride

Bromomethane

Chloroethane

Trichlorofluoromethane

1,1-Dichloroethene

Methylene chloride (Dichloromethane)

Trans- 1 ,2-Dichloroethene

l.l-Dichlorocthane

2,2-Dichloropropane

Cis- 1 ,2-Dichloroethene

Chloroform

Bromochloromeihanc

1.1, 1-Trichloroethane

1 , 1-Dichloropropylene

Carbon tetrachloride

1,2-Dichloroethane

METHOD
(Prep)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

REF

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

ACCURACY*
(% Rec)

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

PRECISION-
(%RPD)

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

.0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

MDL"
(mg/m1)

0.77

1.0

0.51

0.67

1.0

0.31

0.44

0.26

0.25

0.16

0.25. -

0.24

0.14

0.25

0.26

0.20

0.27

0.28

RLA
(mft'm5)

2.0 jj

:.o

2.0

2.0

2.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0 |

1.0

, i.o

1.0
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Benzene

Trichloroelhylene

1,2-Dichloropropane

Bromodichloromethane

Dibromomethane

Trans- 1 ,3-Dichloropropene

Toluene

Cis- 1 ,3-DichloTOpropene

1,1,2-TrjcrJoroethane

1 ,3-Dichioropropane

Tetrachloroethene

Dforomochloromelhanc

1 ,2-Dibromoethane(EDB)

ChJorobenzene

Ethylbenzene

m<fcp-XyIene

o-Xylene

METHOD
(Prep)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(TedUr bag)

EPA 18
(Tedlar bag)

EPA. 18
(Tedlar bag)

EPA 18
(TedUr bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(TedUr bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

REF

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

ACCURACY*
(% Rec)

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

PRECISION*
(%RPD)

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

MDL**
(mg./m3)

0.13

0.15

0.11

0.13

0.14

0.15

0.21

0.10

0.15

0.12

0.28

0.21

0.13

0.12

0.18

0.44

0.27

RLA
(me/m5)

1.0 !
;.o

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0
f

1.0
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Styrene

Isopropylbenzene

Bromoform

1 , 1 ,2,2-Tetrachloroethane

1 ,2,3-Trichloropropane

n-Propylbenzene

Broraobenzene

1,3,5-Trimtthylbenzene

2-CWorotolueDC

4-Chlorotoluene

t-Butylbenzene

1 ,2,4-Trimethylbenzene

s-Burylbenzene

p-Isopropyltoluene

1 ,3-Dichlorobenzene

1 ,4-Dichlorobenzene

n-Butylbenzene

1,2-Dichlorobenzene

METHOD
(Prep)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(TedUrbag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

REF

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

76

ACCURACY*
(% Rec)

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

PRECISION*
(%RPD)

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

MDL*'
(me/m3)

RLA
(ing/m3)

0.20 j.O

0.20

0.28

0.24

0.84

0.19

0.17

0.22

0.36

0.22

0.20

0.27

0.23

0.23

0.17

0.17

0.24

0.16

1.0

1.0

1.0

2.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

' 1.0

1.0
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TABLE 5 A LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

1 ,2-Dibromo-3-chloropropane

1 ,2,4-Trichlorobenzeae

Hexachlorobuudiene

Naphthalene

1 ,2,3-Trichlorobenzene

Acetone

2-Butanone (MEK)

Vinyl Acetate

4-Methyl-2-pentanone (MIBK)

2-Hexanone

Carbon disulfide

Methyl t-butyl ether (MTBE)

Total hydrocarbons

METHOD
(Pr«p)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
.(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

EPA 18
(Tedlar bag)

REF

76

76

76

76

76

76

76

76

76

76

76

76

76

ACCURACY'
(% Rec)

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

60-140

PRECISION*
(%RPD)

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

0-30

MDL"
(ing/m1)

0.87

o.:i

0.25

0.32

0.28

0.52

1.5

0.59

0.64

0.94

0.20

0.19

1.0

RLA
(m '̂W)

2.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

1.0

1.0

1.0
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES A.ND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

NitrogenfTCD)

Oxygen(TCD)

Carbon dioxide(TCD)

Carbon monoxidefTCD)

Methane(TCD)

Methane (FID)

Ethane(TCD)

Ethane (FID)

Etbene (TCD)

Etbene(FID)

Propane (FID)

Butane(FID)

Pentane(FID)

Hexane(FID)

METHOD

(prep)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

EPA18
(Tedlar bag)

REF

76

76

76

76

76

76

76

76

76

76

76

76

76

76

ACCURACY

(%Rec)

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125 .

75-125

75-125

75-125

PRECISION

(% RPD)

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

MDL"

(rag/m3)

:ocoo

10000

10000

100

100

1.5

150

1.5

150

1.5

037

0.84
t

0.95

1.1

RL 9

(mg'm3)

10000

10000

18000

570

330

5.0

610

5.0

670

5.0

5.0

5.0

5.0

5.0
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER METHOD
<Prtp)

REF ACCURACY
•(% Rec)

PRECISION
•(% RPD)

MDL"
(ug)

RLA
(us)

Hydrocarbons/Aaromatics

Cyclohexane

Cyclohexene

n- Heptane

Methylcyclohexane

n-Octane

n-PenUne

Benzene

Toluene

Ethylbenzene

Xylene (total)

Styrene

Cumene

Naphthalene

a-Methylstyrenc

Vinyltoluene

NIOSH 1500/OSHA 07

NIOSH 1500/OSKA 07

NIOSH 1500/OSHA 07

NIOSH 1500/OSHA 07

NIOSH 1500/OSHA 07

NIOSH 1500/OSHA 07

NIOSH 1500/1501
OSHA07

NIOSH 1500/1501
OSHA07

NIOSH 1501/OSHA 07

NIOSH 1501/OSHA 07

NIOSH 1501/OSHA 09

NIOSH 1501

NIOSH 1501/OSHA 07

NIOSH 1501/OSHA 07

NISOH 1501/OSHA 07

98/99

98/99

9S/99

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98

98/99

98/99

98/99

75-125 0-25

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER METHOD
(Prtp)

REF ACCURACY
*(% Rec)

PRECISION
•(% RPD)

MDL"
(UB)

RLA
(Ufi)

Halogenated
Hydrocarbons

Benzyl chloride

Bromoform

Carbon tetrachloride

Chlorobenzene

Chlorobromomethanc

Chloroform

1 ,2-Dichlorobenzene

1 ,4,-DichIorobenzene

1 ,3-Dichlorobenzene

1,1,-Dicnloroetnane

1,2-Dichloroethane

cis- 1 ,2-Dichloroethene

trans-l,2-Dichloroethene

Hexachloroethane

1 ,1 , 1-Trichloroethane

Tetncbloroethcne

1,1,2-Trichloroethane

1 ,2,3-Trichloropropane

Methylene chloride

Vinyl chloride

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

NIOSH 1003/OSHA 07

N1SOH1005

NIOSH 1007

98/99

98/99

98/99

98/99

98

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98/99

98

98

98

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

0-25 2.5 | 10

0-25 ! 2.5

0-25

0-25

<V25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25 •

0-25

0-25

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Methanol (Methyl alcohol)

METHOD
(Prep)

NIOSH 2000———————————

REF

98

ACCURACY*
{% R*c)

75-125

PRECISION'
(%RPD)

0-25

MDL**
<ug)

2.5

RLA
(ug)

10

TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Biphenyl (Diphenyl) and
Btphenyl oxide
Acenapthene

Acenapthylcne

Anthracene and Phenanthrcne

Benzo(a)anthracene and Cnrysene

Benzo(a)pyreae

Benzo (b) fluoramhene and Bcnzo(k)
fluoranthene

Benzo(j,h.i)perylenc

Fluoranthene

Fluorene

Indcoo(l,2,3-cd) pyrene and
Dibenz(a,h) anthracene

Naphthalene

Pyrene

METHOD
(Prep)

NIOSH 2530

NIOSH 5515

NIOSH 55 15

NIOSH 55 15

NIOSH 55 15V

NIOSH 5515

NIOSH 55 15

NIOSH 5515

NIOSH 5515

NIOSH 55 15

NIOSH 55 15

NIOSH 5515

NIOSH 55 15

REF

98

98

98

98

. 98

98

98

98

98

98

98

98

98

ACCURACY*
(% Rec)

75-125

75-125-

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

75-125

PRECISION*
(%RPD)

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

0-25

MDL**
(ug)

2.5

0.84

0.83

0.84

2.4

0.88

2.6

0.74

0.85

0.87

0.79

0.78

1.2

RLA
(UB)
10

10

10

10

10

10

10

10

10

10

10

<
10

10
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR SAMPLES

PARAMETER

Aluminum (TCP)
Antimony (ICP)
Antimony (GFAA)
Arsenic (ICP)
Beryllium (ICP)
Cadmium (ICP)
Cadmium (GFAA)
Calcium (ICP)
Chromium (ICP)
Chromium (GFAA)
Cobalt (ICP)
Copper (ICP)
Iron (ICP)
Lead(ICP)
Lead (GFAA)
Magnesium (ICP)
Manganese (TCP)
Mercury (CVAA)
Molybdenum (ICP)
Nickel (ICP)

METHOD
(Prep)

NIOSH 7300/OSHA ID-125G
OSHA ID-125G
OSHA ID 121

NIOSH 7300/OSHA ID-125G
NIOSH 7300/OSHA ID-125G
NIOSH 7300/OSHA ID-125G

OSHA ID-121
NIOSH 7300/OSHA ID-125G

NIOSH 7300/OSHA ID-125G
OSHA ID-121

NIOSH 7300/OSHA ID-1250
NIOSH 7300/OSHA ID-125G
NIOSH 7300/OSHA ID-125G
NIOSH 7300/OSHA ID-125G

OSHA ID-121
NIOSH 7300/OSHA ID-125G
NIOSH 7300/OSHA ID-125G

NIOSH 6009
NIOSH 7300/OSHA ID-125G
NIOSH 7300/OSHA ID-125G

REF

98/99
99
99

98/99
98/99
98/99

99
98/99
98/99

99
98/99
98/99
98/99
98/2
99

98/99
98/99

98
98/99
98/99

ACCURACY'
(%Rec)

75-125
75-125
75-125
75-125
75-125
75-125
80-120
75-125

75-125
80-120
75-125
75-125
75-125
75-125
80-120
75-125
75-125
75-125
75-125
75-125

PRECISION*
(%RPD)

0-20
0-20
0-10
0-20
0-20
0-20
0-20
0-20

0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20

MDL"
(U£)

3.2
0.42
0.11
0.39

0.11

0.31
0.0090

2.4

0.44
0.050
0.41"
0.78
3.9
1.0

0.14
1.8

0.18
0.0020

0.23
1.1

RLA
(US)

20
2.0 !|
1.0
1.0

0.50
0.50
0.10
50

1.0
1.0
1.0
2.5
5.0
5.0

0.50
50
1.0

0.0020
1.0
4.0
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TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR SAMPLES

PARAMETER

SelenJum(ICP)
Selenium (GFAA)
Silver (TCP)

Silver (GFAA)
Sodium (TCP)
Thallium (ICP)
Thallium (GFAA)
Tin (ICP)
TiUnium(ICP)
Vanadium (ICP)
Zinc (ICP)

METHOD
(Prep)

NIOSH 7300/OSHA ID-125G
OSHAID-121

NIOSH 7300/OSHA I0-125G

OSHAID-121
NIOSH 7300

NIOSH 7300/OSHA ID-125G

OSHAID-121
OSHAID-125G

NIOSH 7300
NIOSH 7300/OSHA ID-125G
NIOSH 7300/OSHA ID-125G

REF

98/99
99

98/99
99

98
98/99

99
99
98

98/99
98/99

ACCURACY-
(% Rec)
75-125
80-120
75-125

80-120
75-125

75-125
80-120
75-125
70-130
75-125
75-125

PRECISION-
(% RPD)

0-20
0-20
0-20

0-20
0-20

0-20
0-20
0-20
0-30
0-20
0-20

MDL--
(ug/)
0.46

0.13
0.20

0.016
8.3

0.46
0.14

1.3
0.25

0.23
0.45

RLA
(ug/)
1.0
1.0
1.0

0.10
50

1.0
1.0
5.0
1.0

1.0
2.0

ICP - inductively coupled (argon) plasma atomic emission speclrophotometer
GFAA " graphite furnace atomic adsorption spectrophotometer
CVAA - cold vapor atomic adsorption spectrophotometer

TABLE 5.4 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR AIR

PARAMETER

Chloride

Fhwride

Nitrate

Sulfate

METHOD
(Prep)

NIOSH 7903

NIOSH 7903

NIOSH 7903

NIOSH 7903

REF

98

98

98

98

ACCURACY'
(%Rec)

75-125

75-125

75-125

75-125

PRECISION*
(V.RPD)

0-25

0-25

0-25

0-25

MDL"
(ng)

2.5 -

0.25

0.25

0.13 ,

RLA
(ug)

10

1.0

1.0

50
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER Mirrunn «""> • —— — •--•• -- -

Aluminum (TCP)
Antimony (ICP)

Antimony (GFAA)
Arsenic (ICP)

Arsenic (GFAA)
Barium (ICP)
Beryllium (TCP)
Boron(ICP)
Cadmium (ICP)
Cadmium (GFAA)
Calcium (ICP)
Chromium (ICP)
Chromium (GFAA)
Cobalt (ICP)
Copper (ICP)
Iron (ICP)
Lead (ICP)
Lead (GFAA)
Magnesium (ICP)
Manganese (ICP)
Mercury (CVAA)
Molybdenum (ICP)
Nickel (ICP)
Potassium (ICP)
Selenium (ICP)
Selenium (GFAA)

METHOD
(Prep)

6010(3050)
6010(3050)

7041(3050)
6010(3050)

7060(3050)
6010(3050)

6010(3050)
6010(3050)
6010(3050)
7131 (3050)
6010(3050)

6010(3050)
7191(3050)
6010 (3050)
6010(3050)
6010(3050)
6010 (3050)
7421(3050)
€010 (3050)
6010(3050)
7471

6010(3050)
6010(3050)
6010(3050)

6010(3050)
7740(3050)

REF

2
2
2
2
2
2

2
2

2
2
2

2
2
2
2
2
2
2
2
2
2

2
2
2

2
2

ACCURACY'
(% Rec)

75-125
75-125
80-120
75-125

80-120
75-125
75-125
75-125
75-125
80-120
75-125

75-125
80-120
75-125
75-125
75-125
75-12J
80-120
75-125
75-125
80-120

75-125
75-125
75-125

75-125
80-120

PRECISION-
(% RPD)

0-20
0-20
0-20 |
0-20 |
0-20

0-20

0-20
0-20

0-20
0-20
0-20

0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20

• 0-20
0-20
0-20

0-20
0-20

MDL"
(mg/kg)

3.2
0.42
0.11
0.39

0.27

0.42

0.11
0.59

0.056
0.0090

2.4

0.18

0.050
0.13
0.22
3.9

0.20
0.14
1.8

0.18
0.0020

0.098
1.1
35

0.46
043

RLA
(mg/kg)

20
5.0

1.0
1.0
1.0
1.0

0.40

5.0
0.50
0.10
50

1.0

1.0
1.0

2.0
5.0

0.50
0.50
50
1.0

0.020

1.0
4.0
100
1.0
1.0
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Silver (TCP)
Silver (GFAA)

Sodium (ICP)
Stronlium(ICP)

Thallium (1C?)
Thallium (GFAA)
Tin (TCP)
Titanium(ICP)
Vanadium (ICP)
Zinc (ICP)

METHOD
(Prep)

6010(3050)
7761 (3050)
6010(3050)

6010(3050)
6010(3050)

7841 (3050)
6010(3050)

6010(3050)
6010 (3050)
6010(3050)

REF

2
2
2

2
2
2
2
2
2
2

ACCURACY-
(% Rec)

75-125
80-120
75-125

70-130
75-125
80-120
75-125

70-130
75-125
75-125

PRECISION-
(% RPD)

0-20

0-20
0-20

0-30
0-20
0-20
0-20

0-30
0-20
0-20

MDL"
(mg/kg)

0.14

0.016
8.3

0.84
0.46

0.14

1.3

0.25
0.23

0.45

RLA
(mg/kg)

1.0
0.10
50

1.0
1.0
1.0
5.0
1.0
1.0

2.0
ICP - inductively coupled (argon) plasma atomic emission spectrophotometer
GFAA - graphite furnace atomic adsorption spectrophotometer
CVAA - cold vapor atomic adsorption spectrophotometer
-T-trace ICP

TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Cyanide, total

METHOD
(Prep)

9012(9013)
9012<9010)

REF

2
2

ACCURACY-
C% Rec)
75-125
75-125

PRECISION-
OS RPD)

0-30
0-30

MDL"
(mg/kj)

O.J9
0.14

RLA
(rag/kg)

1.0
1.0
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Aldrin (MS)
Alpha-BHC
Beta-BHC
Gamma-BHC (Lindane) (MS)
Delta-BHC
Technical Chlordane
Alpha Chlordane
Gamma Chlordane
4.4--DDD
4,4'-DDE
4.4--DDT (MS)
Dieldrin (MS)
Eodosulfan I
EndosulfanO
Endosulfan sulfate
Eodrin(MS)
Endrin aldehyde
Eodrio Vgmn^
Heptachlor (MS)
Heptachlor epoxide
Methoxychlor
Toxapbeoe
PCB-1016
PCB1221
PCB1232
PCS- 1242
PCS- 1248
PCS- 1254

PCB-1260
Surrogate •
2,4,5.6-Tetrachloro-m-
xylene (TCMX)
Surrogate- Decachlorobiphenyl
(DCB)

METHOD
(fnp)

8081(3550)
8081(3550)
8081(3550)
8081(3550)

8081(3550)

8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)

8081(3550)78082(3550)

8081(3550)78082(3550)

REF

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

97/2
97/2
97/2
97/2
97/2
97/2

97/2
97/2

97/2

ACCURACY*
(% Rec)

10-144
22-101
12-120
12-138
10-142

45-119
45-140
11-141
28-134
34-121
29-134
28-137
10-141
10-159
26-144
33-149
10-130
29-112
17-138
15-142
24-152
41-126
34-137
15-178
10-215
39-150
38-158
66-122
58-150

10-114

27-128

PRECISION*
(%RPD)

0-38
0-40
0-40
0-37
0-47

0-40
0-40
0-40
0-50
0-23
0-26
0-30
0-40
0-65
0-50
0-32
0-86
0-31
0-38
(MO
0-40
0-50
0-44
0-30
0-30
0-30
0-30

0-30
0-30

NA

NA

MDL"
(ufr-kg)

0.021
0.088
0.16
0.066
0.18

1.7
0.12
0.078
0.22
0.13
0.49
0.19
0.13
0.22
0.91
0.10
0.22
0.42
0.12
0.099

1.3
18

4.8

P
4.0

6.0
6.7
2.7

5.6

NA

NA

RLA
(ug/kj)

1.7
1.7
1.7

1.7

1.7

17
1.7
1.7
3.3
3.3
3.3
3.3
1.7
3.3
3.3
3.3
3.3
3.3
1.7
1.7
17
170
33
67
33
33
33
33

33

NA

NA
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Monochlorobiphenyls

Dihlorobiphenyls

Trichlorobiphenyls

Tetrachlorob ip heny Is

Pentachlorobiphenyls

Hexachlorobiphenyls

Heptachlorobiphenylj'

Octachlorobiphenyls

Nonachlorobipbenyls

Decachlorobipbenyl

Surrogate- Decachlorobiphenyl-
13C12

METHOD
(Prep)

680/0550)

630/(3550)

680/(3550)

680/(3550)

680/(3550)

680/(3550)

680/0550)

680/0550)

680/0550)

680/0550)

.680/0550)

REF

97/93

97/93

97/93

97/93

97/93

97/93

97/93

97/93

97/93

97/93

97/93

ACCURACY*
(%R«)

30-130

30-130

30-130

40-140

40-140

40-140

40-140

40-140

30-130

30-130

30-130

PRECISION*
(%RPD)

0-50

0-50

0-50

0-50

0-50

0-50

0-50

0-50

0-50

0-50

NA

MDL**
(ug/kg)

0.68

0.76

0.68

1.3

0.83

0.89

1.6

0.95

1.9

1.9

NA

RLA
(us/kj)

10

10

10

20

20

20

30

30

50

50

NA
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Acetone

Benzene (MS)

Bromodichloromethane

Bromofonn

Bromomethane (Methyl bromide)

2-Butanone (MEK)

Carbon disulfide

Carbon tetrachloride

Cblorobenzene (MS)

Chloroetnane

Chlorofonn

Chloromethane

Dibromochlorpmethane

1,1-Dichloroethane

1,2-Dichloroethanc

cis- 1 ,2-Dichloroethene

trans- 1 ,2-Dichloroethene

1,1-Dichloroeihene (MS)

1 ,2-Dichloropropane

METHOD
(Prep)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035ea)

8260(5035)
8260(5035exl)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035e«)

8260(5035)
826<X5035ext)

8260(5035)
8260(5035ea)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035exi)

8260(5035)

8260(5035exi)
8260(5035)

8260(5035ext)
8260(5035)

8260(3035eja)
8260(5035)

8260(5035exi)
8260(5035)

8260(503Sext)
8260(5035)

8260(50356X1)
8260(5035)

8260(5035ext)
8260(5035)

8260(5035ext)
8260(5035)

8260(5035ext)
8260(5035)

8260(5035exi)

REF

97/2
97/2
97/2
97/2
97/2
97/2
97/2

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

ACCURACY* !
(% Rec)

14-189

14-189

64-144

64-144

71-140

71-140

59-143
59-143
35-181
35-181
54-166
54-166
10-160
10-160
65-129
65-129
56-152
56-152
65-129
65-129
62-117
62-117
10-186
10-186
73-127
73-127
64-112
64-112
66-128
66-128
64-123
64-123
60-161
60-161
44-157
44-157
47-146
47-146

PRECISION*
(%RPD)

0-40

|

MDL**
(ug/kfc)

2.3
0-40 ) 230

0-25
0-25
0-40

0-40

0-40

0-40

0-65

0-65
0-40
0-40
0-65
0-65
0-40
0-40
0-25
0-25
0-40
0-40
0-40
0-40
0-65
0-65
0-40
0-40
0-40
0-40
0-40
0-40
0-40
0-40
0-25
0-25
0-25
0-25
0-65
0-65

RLA
(Ufrltg)

50
5000

0.41 5.0
41 500

0.34

34

0.44

44

2.0

200

2.8
280
0.29
29

0.47
47

0.58
58
1.3
130
0.26
26
1.2

, 12°
0.28
28

0.28
28
1.0
100

0.31
31

0.57
57

0.77
77
1.0
100

5.0
500
5.0
500
10

1000
25

2500
5.0
500
5.0
500
5.0
500
10

1000
5.0
500
10

1000
5.0
5.0
5.0
500
5.0
500
5.0
500
5.0
500
5.0
500
5.0
500
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

cis- 1 ,3-Dichloropropene

trans- 1 ,3-Dichloropropene

Ethylbenzene

2-Hexanone

4-M«hyl-2-pemanone TMIBK)

Styrene

1 . 1 ,2,2-Tetrachloroethane

Tetracbloroethene

Toluene (MS)

1,1,1-Trichloroethane

1.1,2-Trichloroethane

METHOD
(Prep)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035ea)

8260(5035)

8260(5035e»)
8260(5035)

8260(5035ext)
8260(5035)

8260(5035ext)
8260(5035)

8260(5035ext)
8260(5035)

8260(5035ext)

REF

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

ACCURACY*
(% Rec)

50-146
50-146
57-143
57-143
60-131
60-131
47-145
47-145
54-167
54-167
56-121
56-121
36-157
36-157
61-142
61-142
67-142
67-142
11-148
11-148
66-123
66-123

PRECISION'
(%RPD)

0-65
0-65
0-65
0-65
0-40
0-40
0-40
0-40
0-49
0-49
0-40
0-40
0-40
WO
0-40
(MO
0-25
0-25
0-40
0-40
040
0-40

MDL"
fug/kg)

0.49
49

0.65
65

0.55
55
3.7
370
3.2
320
0.43
.43
0.80
80

0.44
44

0.48
48

0.98
98

0.65
65

RLA
(ug/kg)

5.0
500
5.0
500
5.0
500
25

2500
25

2500
5.0
500
5.0
500
5.0
500
5.0
500
5.0
500
5.0
500
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Trichloroethene (MS)

Vinyl chloride

Xylenes (total)

o-Xylene

m+p-Xylene

Surrogate - Toluene-dS

Surrogate - p-Bromofluorobenzene

Surrogate -Dibromofluororoetbaae

Surrogate - l,2-DicMoroetliane-d4

I Surrogate - l,2-Dichlorobenzene-d4

METHOD
(Prep)

8260(5035)
8260(50356X1)

8260(5035)
8260(5035ext)

8260(5035)
826<X5035ext)

8260(5035)
8260(5035«a)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035«xt)

8260(5035)
8260(5035«a)

8260(5035)
8260(5035en)

8260(5035)
8260(5035ext)

8260(5035)
8260(5035e»)

REF

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

ACCURACY*
(% Rec)

41-134
41-134
18-169
18-169
50-150
50-150
22-154
22-154
62-123
62-123
58-148
58-148
70-136
70-136
66-148
66-148
38-151
38-151
58-148
58-148

PRECISION*
(%RPD)

0-22
0-22
0-65
0-65
0-40
0-40
0-40
0-40
0-40
0-40
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

MDL"
(us/kg)

0.72
72

0.98
98
1.5
150
0.50
50
1.0
100
NA
.NA
NA
NA
NA
NA
NA
NA
NA
NA

RLA
(ug/Vs)

5.0
500
10

1000
5.0
500
5.0
500
5.0
500
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Acenaphlhene (MS)
Acenaphthylene
Anthracene
Benzo(a)anthracenc
Benzoic acid
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
Bis(2-chloroethoxy) methane
Bis(2-chloroethyl) ether
Bis(2-chloroisopropyl) ether
Bis(2-ethylheiyl) phthalate
4-Bromophenyl pbcnyl ether
Butyl benzyl pbthalate
4-ChIorotniline
4-Chloro-3-methylpheno) (MS) (p-Chloro-m-
cresol)
2-Cbloronaphthaleae
2-Chlorophenol (MS)
4-Chlorophenylphenyl ether
Chrysene
2-Methyl phenol (o-Cresol)
3- Methyl phenol (m- Cresol)
4-Methyl phenol (p-Cresol)
3- and 4-Methyl phenol (m- and p-
Cresol)
Dibenz(a,b)aothracene
Dibenzoftiran
Di-n-butylphthalate
1.2-Dichlorobenzene
1 ,3-Dichlorobenzene
1,4-Dichlorobenzene (MS)
3,3'-Dichlorobenzidine
2,4-Dichloropbenol
Diethylphthalate
2,4-Dimethylphenoi
Dimcihylptuhalate
4,6-Dinitro-2-methylphenol
2,4-Dinitropbenol

METHOD
(Prep)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

REF

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

ACCURACY*
(% Rec)

28-102
54-140
39-106
29-111

PRECISION*
(%RPD)

0-25
0-25
0-30
0-25

10-150 0-50
19-126
26-125
10-121
34-116
13-108
10-130
36-166
23-124
53-127
24-120
10-150
25-107

60-118
23-114
20-118
33-130
14-95
12-102
12-102
12-102

40-147
10-150
28-125
10-99
10-100
10-125
10-189
16-104
31-113
10-95

20-116
43-135
10-126

0-25
0-38
0-50
0-29
0-50
0-50
0-50
0-40
0-40
0-40
0-50
0-25

0-40
0-25
0-33
0-27
0-50
0-50
0-50
0-50

0-28
0-50
0-50
0-40
0-42
0-40
0-100
0-40
0-40
0-25
0-40
0-93
0-87

MDL*«
(ug/kfci

13
13
i:
9.6
21
17
13
19
11
30
9.6
9.9
46
11
30
17
10 .

11
11
10
12
13
61
61

1 61

15
12
15
11
8.8
11
16
10
15
10
11
29
22

RLA
(us/kg)

330
330
330
330
1700
330
330
330
330
330
330
330
330
330
330
660
330

330
330
330 .
330
330
330
330
330

330
330
330
330
330
330
660
330
330
330
330
1700
1700
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1
TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND

METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

2,4-Dinhrotolucne (MS)
2,6-DinitrotoIuene
Di-n-octylphihalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(l ,2,3-cd)pyrene
IsophoronG
2-Methylnaphthalene
Naphthalene
2-NUroaniline
3-Nitroaniline
4-Nitroaniline

Titrobenzene
2-Nitropbenol
4-Nkrophenol (MS)
N-NitrosodiphenyUmine/ Dipbenylamine
N-Nttroso-di-n-propyUmine MS)
Penttcblorophenol (MS)
Ptaenantbreoe
Phenol (MS)
Pyrene(MS)
1,2,4-Trichlorobenzene (MS)
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
Surrogate - Nitrobenzene-d5
Surrogate - 2-Fluorobiphenyl
Surrogate - p-Terphenyl-dl4
Surrogate - Phenol-d5
Surrogate - 2-Fluorophenol
Surrogate - 2,4,6-Tribromophenol

METHOD
(Prtp)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

REF

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

-97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

ACCURACY*
{% Rec)
26-107
38-107
22-135
23-121
32-107
44-105
10-112
D-132
16-91
18-157
17-107
19-105
53-125
22-110
10-117
10-136
9-104
10-101
10-117
40-122
11-117
10-120
38-113
17-103
18-136
17-105
39-123
20-116
12-125
24-118
18-153
10-142
10-118
14-121

PRECISION*
(%RPD)

0-30
0-40
0-50
0-25
0-40
0-40
0-40
0-50
0-40
0-83
0-60
0-50
0-25
0-50
0-50
0-50
0-40
(MO
0-45
0-50
0-35
0-44
0-25
0-25
0-25
0-28
0-27
0-40
NA
NA
NA
NA
NA
NA

MDL«*
("8/kft)

13
16
19
11
12
10
11
18
13
20
12
9.2
11
14

11

13

13
8.8
30
98
14
28
12
19
11

' 11
13
9.2
NA
NA
NA
NA
NA

,NA

RLA
(ut/kj)

330 1
330
330
330
330
330
330
330
330
330
330
330
330
1700
1700
1700
330
330
1700
330
330
1700
330
330
330
330
330
330
NA
NA
NA
NA
NA
NA
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TABLE 5.5 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

2,3,7,8-Teu-achlorodibenzo-p-dioxin (2,3,7,8-
TCDD)

METHOD
(Prep)

8280

REF

97/2

ACCURACY*
(% Rec)

69-145

PRECISION*
OfcRPD)

0-40

MDL"
(U£/k«)

0.13

RLA
(ug/kg)

0.50

Polychlorinated Dibenzo-p-dioxins and Dibenzofurans classes
tetra-CDD
tetn-CDF
penta-CDD
penta-CDF
nexa-CDD
hexa-CDF
nepta-CDD
bepta-CDF
ocu-CDD
octa-CDF
Internal Standard -
13C12-2.3.7.8-TCDD
Internal Standard -
13C12-2,3,7,8-TCDF
Internal Standard -
13C12-l,2,3,6.7,8-HxCDD
Internal Standard -
13C12-1, 2,3,4,6. 7.8-HpCDF
Internal Standard -
13C12-OCDD

8280
8280
8280
8280
8280
8280
8280
8280
8280
8280

8280

8280

8280

8280

8280

97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2
97/2

97/2

97/2

97/2

97/2

69-145
59-142
41-203
55-146
45-174
50-154
20-170
20-170
20-170
20-170

25-150

25-150

25-150

25-150

25-150

0-40
0-40
0-40
0-40
0-53
0-46
0-50
0-50
0-50
0-50

NA

NA

NA

NA

NA

0.12
0.040
0.089
0.068
0.13

0.051
0.13
0:063
0.14
0.13

NA

NA

NA

NA

NA

0.50
0.50
0.50
0.50
0.50
0.50
1.0
1.0
1.0
1.0

NA

NA

NA

NA

NA
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TABLE 5.5. LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR BIOLOGICAL TISSUES

PARAMETER

Acenaphthene (MS)

Acenaptuhylene

Anthracene

Benzo(a)anthracene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(g,h,i)perylene

Benzo<a)pyrene

Cbrysene (MS)

Dibenzo(a,h)arahracene

Fluonahene

Fluorene(MS)

Indeuo(l ,2,3-cd)pyrene

1-Methylnaphthalene

2-Methylnaphthalene

Naphthalene (MS)

Phcranthrene

Pyretic (MS)
Surrogate - 4-Terphenyl-dl4

METHOD
(Prep)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)
8310(3550)

REF

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

97/2

ACCURACY*
(* Rec)

11-144

10-139

10-126 j

12-135

10-150

10-159

10-120

10-128

10-199

10-110

56-136

10-142

10-116

10-125

10-125

31-159

10-155

49-156
28-151

PRECISION*
(%RPD)

. 0-35

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-28

0-40

0-40

0-40

0-40

"0-34 -

0-40

0-28
NA

MDL"
(ue/kg)

14

5.1

0.23

0.27

0.15

0.12

0.68

0.35

0.28

0.87

0.47

1.4

0.25

6.2

5.9

-3.3

0.50

0.93
NA

RLA
(ug.'ks)

50

20

4.0

4.0

4.0

4.0

10

4.0

4.0

10

10

10

10

20

20

20

4.0

10
NA
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

p \ D -i \4 C""r L" u mnmj/^n T3TTT7 A/T^TlTDAf^V* T)rtr*i->*"~- — •-r AKAIV1JL 1 HJx M£*AW*J1J KJLC At ' • >""• v

Aluminum (ICP)
Antimony (ICP)
Antimony (GFAA)
Arsenic (ICP)
Arsenic (GFAA)
Barium (ICP)
Beryllium (ICP)
Boron
Cadmium (ICP)
Cadmium (OFAA)
Calcium (ICP)
Chromium (ICP)
Chromium (OFAA)
Cobalt (TCP)

Copper (TCP)
Iron (ICP)
Lead (ICP)
Lead (OFAA)
Magnesium (ICP)
Manganese (ICP)
Mercury (CVAA)
Molybdenum (ICP)
Nickel (TCP)
Potassium (TCP)
Selenium (ICP)
Selenium (GFAA)

METHOD
(Prep)

6010(3050)

6010(3050)
7041(3050)
6010(3050)

7060(3050)
6010(3050)

6010(3050)
6010(3050)
6010(3050)
7131(3050)
6010(3050)

6010(3050)
7191(3050)
6010 (3050)
6010(3050)
6010 (3050)
6010 (3050)
7421(3050)
6010 (3050)
6010(3050)
7471

6010(3050)
6010(3050)
6010(3050)

6010(3050)
7740(3050)

REF

98/2

98/2
98/2
98/2

98/2
98/2

98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/7
98/2
98/2
98/2

ACCURACY-
(% Rec)

75-125

75-125

PRECISION-
(% RPD)

0-20 !

MDL"
(ug/wipe)

3.2 |

0-20 : 0.42
80-120 : 0-20
75-125

80-120
75-125

75-125

75-125

75-125
80-120
75-125

75-125
80-120
75-125
75-125
75-125
75-125
80-120
75-125
75-125
80-120

75-125
75-125
75-125

75-125
80-120

0-20

0-20
0-20

0-20
0-20

0-20
0-20
0-20

0-20
0-20
0-20

0-20
0-20

0-20
0-20
0-20
0-20
0-20
0-20
0-20
0-20

0-20
0-20

0.11
0.39
0.27

0.42

0.11
0.59
0.056
0.0090

2.4

0.18
0.050
0.13
0.22
3.9

0.20
0.14

1.8
0.18

0.0020

0.098
1.1
35

0.46

0.13

RLA
(ug/wipe)

20
2.0

1.0
1.0

1.0
1.0

0.40
5.0

0.50
0.10
50
1.0
1.0
1.0
2.0
5.0

0.50
0.50
50
1.0

. 0.020

1.0
4.0
100

1.0
1.0
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER

Silver (ICP)
Silver (GFAA)

Sodium (ICP)
Stronlium(ICP)
Thallium (ICP)
Thallium (GFAA)
Tin (ICP)
TJtanium(ICP)
Vanadium (ICP)
Zinc (ICP)

METHOD
(Prep)

6010(3050)
7761 (3050)
6010(3050)

6010(3050)
6010(3050)

7841 (3050)

6010(3050)
6010(3050)
6010 (3050)
6010 (3050)

REF

98/2
98/7
98/7
98/7
98/2
98/2
98/2
98/2
98/2
98/2

ACCURACY-
(% Rec)

75-125
80-120
75-125

75-125
75-125

80-120

75-125
70-130
75-125
75-125

PRECISION-
(% RPD)

0-20
0-20
0-20

0-30
0-20

0-20

0-20

0-30
0-20
0-20

MDL"
(ug/wip«)

0.14

0.016
S.3

0.84

0.46

0.14

1.3

0.25
0.23
0.45

RLA
(ug/wipe)

1.0

0.10
50

1.0

1.0

1.0
5.0

1.0
1.0

2.0

ICP * inductively coupled (argon) plasma atomic emission spectrophotometer
GFAA - graphite furnace atomic adsorption spectrophotometer
CVAA - cold vapor atomic adsorption spectrophotometer
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER

Aldrin (MS)
alpha-BHC
beta-BHC
gamma-BHC (Lindane) (MS)
delta-BHC
technical Chlordane
alpha Chlordane

gamma Chlordane
4,4'-DDD

4,4'-DDE
4,4'-DDT (MS)
Dieldrin (MS)
EndosuUanI
Endosulfanll
Endosulfan sul&te
Endrin(MS)
Endrin aldehyde
Endrinketone
Heptachlor (MS)
Heptachlor eporidc

Methoxychlor
Toxaphene
PCB-1016
PCB 1221
PCB 1232
PCB-1242
PCB- 1248
PCB-1234
PCB-1260
Surrogate -
2,4,J,6-Tetrachloro-m-
xylene (TCMX)
Surrogate-Decachlorobiphenyl
(DCB)

METHOD
(Prep)

8081(3550)
8081(3550)

8081(3550)
8081(3550)
8081(3550)

8081(3550)
8081(3550)

8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)

8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8081(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)
8082(3550)

8081(3550y 8082(3550)

8081(3550y 8082(3550)

REF

98/2
98/2

98/2
98/2
98/2
98/2
98/2

98/2
98/2

98/2
98/2

98/2
98/2

98/2
98/2

98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2

98/2
98/2

98/2

ACCURACY'
(% Rec)

10-144

22-101

12-120

12-138
10-142

45-119
45-140

11-141

28-134

34-121
29-134

28-137
10-141

10-159
26-144

33-149
10-130
29-112
17-138
15-142
24-152

41-126
34-137

15-178
10-215
39-150
38-158
66-122
58-150

10-114

27-128

PRECISION-
(% RPD)

0-38
0-40

0-40

0-37
C-47

MDL'
(ug/wipe)

0.0041
C.0022

0.0053
0.00119
0.0019

0-40 0.061
0-40

0-40

0-50

0-25
0-26

0-30
0-40

0-65
0-50

0-32
0-86
0-31
0-38
0-40
0-40
0-50
0-44

0-30
0-30

0-30
0-30

0-30
0-30

NA

NA

0.0028

0.0026
0.0060

0.0069
0.0074

0.0023
0.0027

0.0037
0.0053

0.0085
0.0079
0.011

0.0025
0.0085
0.032

0.55
0.15
0.27
0.21

0.25 '
0.18
0.11
0.12

NA

NA

RLA
(ug/wipe)

0.050
0.050

O.C50
0.050
0.050

0.20
0.050

0.050
0.10
0.10
0.10

0.10
0.050

0.10
0.10
0.10
0.10
0.10

0.050
0.050
0.50

5.0
1.0

2.0
1.0

1.0
1.0
1.0
1.0

NA

NA
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER

Monochlorobiphenyls

Dihlorobiphenyis

Trichlorobiplienyls

Tetrachlorobiphenyls

PentacU orobi pheny Is

HexacbJorobiphenyls

HeptacbJorobiphenyls

OctachJorobiphenyls

Nonachlorobiphenyls

Decachlorobiphenyl

Surrogate- Decachlorobiphenyl-
13C12

METHOD
(Prep)

680/(3550)

6807(3530)

6807(3550)

6807(3550)

6807(3550)

6807(3550)

6807(3550)

6807(3550)

6807(3550)

6807(3550)

6807(3550)

REF

98793

98/93

98/93

98/93

98/93

98/93

98793

98/93

98/93

98/93

98/93

ACCURACY-
(% Rec)

30-130

30-130

30-130

40-140

40-140

40-140

40-140

40-140

30-130

30-130

30-130

PRECISION'
(% RPD)

0-50

0-50

0-50

0-50

0-50

0-50

0-50

0-50

0-50

0-50

NA

MDL--
(ug/wipe)

0.044

0.035

0.035

0.053

0.029

0.037

0.042

0.064

0.11

0.11

NA

RLA
(ug/wipe)

0.30

0.30

0.3C

0.60

0.60

0.60

0.90

0.90

1.5

1.5

NA
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER - ' —— ——

Acephate(l)

Methamidophos( 1 )

Alachlor

Ametryn

Atrazine (MS)

Azinphos methyl

B«noxacor

Bolstar

Buuchlor

Carbophenothion

Chlordimefonn (Galecron)

5-ChloroaminotoIuene

Chlorpyrifos

Chlorpyrifos methyl

Coumaphos

Demeton-o

Oemeton-s

Demeton-o+s

Diazinon (MS)

Dichlofeatbion

Dichlorvos

Dimethoate

Dioxathion

Disulfoton

EPN

Ethion

Ethoprop

Famphur

Fenamiphos

Fensulfothion

METHOD
(Prep)

1657

1657

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141

8141(3520)

REF

98/72 1

98/72

98/2

98,7

98-7

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98-7

98/2

98/2

98/2

98/2

98/2

98/2

98/2

ACCURACY

(% Rec)

25-140

36-106

46-139

60-120

39-130

48-162

10-150

36-114

50-150

69-122

10-150

10-150

49-109

53-136

61-139

10-117

37-121

10-117

40-137

38-118

11-158

14-101

26-127

42-112

48-124

62-175

42-123

13-128

40-160

31-163

PRECISION
•

(% RPD)

0-50 |

0-46 j

0-30

0-40

0-30

0-50

0-50

0-40

0-40

0-40

0-50

0-50

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-40

0-66

0-40

0-40

0-40

0-60

0-40

0-40

MDL"
(ug/wipe)

1.2

0.10

0.14

0.16

0.13

0.16

4.4

0.26

0.35

0.23

3.8

3.4

0.17

0.17

0.19

1.1

0.35

1.1

0.17

0.11

0.28

0.11

1.5

0.17

0.19

0.12

0.27

0.25

0.59

0.27

RLA
<ug/

wipe)

5.0

2.0

1.0

2.0

2.0

1.0

10

1.0

1.0

1.0

10

10

1.0

1.0

1.0

2.5

2.5

2.5

1.0

1.0

2.0

2.0

10

2.0

1.0

0.50

0.50

2.0

2.0

1 »
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[

TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER

Fenthion

Isofer.phos

Malathion

Merphos

Metolachlor

Metrabuzin

Mevinphos

Monocrotophos

Naled

Parathion, ethyl (MS)

Parathion, methyl (MS)

Ph orate

Piouieton

Proinetryn

Propazine

Rome! (MS)

Simazine

Stirophoj (Tetrachlorvinphos)

Sulfotepp

Terbufoa

Terbutylazine

Terbutryn

Thionazin (MS)

Tokuthion (Prothiofos)

Trichloronate

Surrogate •
Triphenylphosphate

METHOD
(Prep)

8141(3520)

8141

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141(3520)

8141

REF

98/7

98/7

98/2

98/7

98/2

98/2

98/2

98/2

98/2

98/2

9872

9872

9872

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

9872

98/2

98/2

98/2

98/2

ACCURACY

(% Rec)

41-115

40-160

10-140

32-138

53-133

50-150

24-166

43-126

10-119

28-155

38-149

28-119

55-124

36-155

31-127

30-98

39-149

48-125

40-157

40-160

60-130

53-113

12-139

45-114

16-123

16-164

PRECISION

(% RPD)

MDL"
(ug/wipe)

0-60 0.23

0-40

0-40

0-40

0-40

0-40

0-40

0-50

0-40

0-34

0-32

0-40

0-40

0-40

0-30

0-35

0-50

0-40

0-40

0-40

0-40

0-40

0-60

0-40

0-40

NA

0.060

0.071

0.22

0.11

0.11

0.23

2.9

0.14

0.083

0.19

0.30

0.11

0.23

0.25

0.26

0.19

0.39

0.17

*0.16

0.33

0.066

0.21

0.22

0.12

NA

RLA
(us/

wipe)

1.0

0.50

1.0

1.0

1.0

1.0

2.0

10

5.0

1.0

0.50

1.0

2.0

2.0

2.0

1.0

2.0

1.0

0.50

1.0

2.0

2.0

1.0

1.0

1.0

NA
(1) Determined by NPD
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES il

PARAMETER METHOD R™1 A^rm*™. —--. -——

Acetone

Benzene (MS)

Bromodichloromethane

Bromoform

Bromometbane

2-Butanone (MEK)

Carbon disulfide

Carbon tetrachloride" '

Chlorobenzene (MS)

Chloroethane

Chloroform

Chloromethane

Oibromochloromethane

1,1-Dichloroethane

1,2-Dichloroethane

cis-U-Dichloroethene

tnn»-I^-Dichloroethene

1,1-Dichloroethene (MS)

1 ,2-Dichloropropane

cis-l,3-Dichloropropene

tram- 1 ,3-Pichloi opi opene

Ethylbenzene

2-Hexanone

4-Methyl-2-p«ntanone (MIBK)

Styrene

1 , 1 ,2,2-TetrachJoro ethane

Tetrachloroethene

METHOD
(Prep)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

REF

98/2

98-2

ACCURACY-
(% Rec)

14-189

64-144

98,2 j 71->*

98/2

98/2

98/2

98,2

98/2

98/2

98/2

98/2

98<2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

59-143

35-181

54-166

10-160

65-129

56-152

65-129

62-117

10-186

73-127

64-112

66-128

64-123

60-161

44-157

47-146

50-146

57-143

60-131

47-145

54-167

56-121

36-157

61-142

PRECISION-
(% RPD)

0-40

0-25

0-40

0-40 i

0-65

0-40

0-65

0-40

0-25

0-40

0-40

0-65

0-40

0-40

0-40

0-40

0-25

0-23

0-65

0-65

0-65

0-40

0-40

0-49

0-40

0-40

0-40

MDL"
(ug/wipe)

1.7

0.17

0.17

0.19

0.3:
2.6

0.090

0.25

0.18

D.65

0.20

0.24

0.17

0.21

0.20

0.25

0.32

0.30

0.21

0.18
1 0.18

0.18

2.2

1.8

0.20

0.26

0.23
f

RLA
(ug/wipe)

5.0

0.50

0.50

0.50

1.0

2.5

0.50

0.50

0.50

1.0

0.50

1.0

0.50

0.50

0.50

0.30

0.50

0.50

0.50

0.50

0.50

0.50

2.5

2.5

0.50

0.50

0.50
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER

Toluene (MS)

1,1,1-Trichloroethane

1 , 1,2-Trichloroethane

Trichlorotthene (MS)

Vinyl chloride

Xylenes (total)

o-Xylene

m-rp-Xyiene

Surrogate - Toluene-48

Surrogate - p-Bromofluorobenzene

Surrogate -Dibromofluoromethwe

Surrogate - l,2-Dichloroethane-d4

Surrogate - 1,2-
DkUorobenzene-44

METHOD
(Prep)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(5030)

8260(3030)

REF

98,7

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

9Sf2

98/2

ACCURACY'
(% Rec)
67-142

11-148

66-123

41-134

18-169

50-150

22-154

62-123

58-148

70-136

66-148

38-151

38-148

PRECISION'
(% RPD)

0-25

0-40

0-40

0-22

0-65

0-40

0-»0

0-40

NA

NA

NA

NA

NA

MDL"
(ug/wipe)

0.16

0.16

0.20

0.20

0.44

0.37

0.20

0.23

NA

NA

NA

NA

NA

RLA
(ug/wipe)

0.50

0.50

0.50

0.50

1.0

0.50

0.50

0.50

NA

NA

NA

NA

NA
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES .AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER XrT-TTT/-^ —————

Acenaphthene (MS)
Acenaphthylene ""
Anthracene
Benzo(a)anthracene
Benzoic acid
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(gji,i)perylene- •
Benzo(a)pyrene
Bb(2-chloroethoxy) methane
Bis(2-cliloroethyl) ether
Bis(2-chloroisopropyl) ether
Bis(2-ethylhexyl) phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
4-Chloroaniline
4-Chloro-3-methylphenol (MS) (p-Chloro-
m-cresol)
2-Oiloronaphthalene
2-ChJorophenol (MS)
4-Chloropbenyipbenyl ether
Chrysene
2-Methyl phenol (o-Cresol)
3- Methyl phenol (m- Cresol)
4-MetbyI phenol (p-Creaol)
3- and 4-Methyl phenol (m- and p-
Cresol)
Dibenz(aji)anthracene
DibenzofUran
Oi-n-butylphthalate
1 ,2-Dichlorobenzene
1 ,3-Dichlorobenzene
1,4-DichIorobenzene (MS)
3,3-Dichlorobenzidine
2,4-Dichlorophenol
Diethylphthalate
2,4-Dimethylphenol
Dimethylphthalate
4,6-Dinitro-2 -methyl phenol
2,4-Dinitrophenol

METHOD
(Prep)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

REF

98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2

98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2

98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2

ACCURACY-
(% Rec)

28-102 |
54-14C |

39-106
29-111
10-150 |
19-126
26-125
10-121
34-116
13-108
10-130
36-166
23-124
53-127
24-120
10-150
25-107

60-118
23-114
20-118
35-130
14-95
12-102
12-102
12-102

40-147
10-150
28-125
10-99
10-100
10-125
10-189
16-104
31-113
10-95

20-116
43-135
10-126

PRECISION-
(% RPD)

MDL"
(ug/wipe)

0-25 0.71 |
0-25 1.8 |
0-30 0.42
0-25
0-50
0-25
0-38
0-50
0-29
0-50
0-50
0-50
0-40
0-40
0-40
0-50
0-25

(MO
0-25
0-33
0-27
0-50
0-50
0-50
0-50

0-28
0-50
0-50
0-40
0-42
0-40
0-100
0-40
0-40
0-25
0-40
0-93
0-87

0.59
7.4

0.64

0.085

0.92
0.58
1.7
1.3
13

0.61
2.0
2.2
1.4

0.82

1.8
1.4
2.1

.0.46
1.5
1.5
1.5
1.5

t
0.83
2.3

0.65
1.5
1.3
2.3
8.0
1.6

0.86
2.1
2.1
3.9
2.8

RLA 1
(««'

W'P*) I
10 ]|
10 1
10
10 1
50 1
10 1
10 1
10 1
10 |
10 1
10 1
10 I
10 1
10
10
20
10

10
10
10
10
10
10
10
10

10
10
10
10
10
10
20
10
10
10
10
50
50 |
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER

2,4-Diniirotoiuene (MS)
2,6-Dinitrotolutne
Di-n-octylphthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobuladiene
Hexachloro cyclop entadienc
Hexachloroethane
Indeno( 1 3,3 -cd)pyrene
Isophorone
2-MethyuuphlhaIene
Naphthalene
Naphthalene
2-Nhroaniline
3-Nhroaniline
4-Nitroaniline
Nitrobenzene
2-Nitrophenol
4-Nitrophenol (MS)
N-NitrotodiphenyUmine/ Dipnenylamine
N-Nftroso-di-n-propylamine MS)
Pentachlorophenol (MS)
Phenanthrene
Phenol (MS)
Pyrene(MS)
1,2,4-Trichlorobenzene (MS)
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
Surrogate - Nitrobenzene-45
Surrogate - 2-Fluorobiphenyl
Surrogate - p-Terphenyl-dl4
Surrogate - Phenol-d5
Surrogate - 2-Fluorophenol
Surrogate - 2,4,6-Tribromophenol

METHOD
(Prep)

8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8770(3550)
8270(3550)
8X70(3350)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)
8270(3550)

REF

98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/7
98/2

ACCURACY'
(% Rec)

26-107
38-107
22-135
23-121
32-107
44-105
10-112
D-132
16-91
18-157
17-107
19-105
53-125
53-125
22-110
10-117
10-136
9-104
10-101
10-117
40-122
11-117
10-120
38-113
17-103
18-136
17-105
39-123
20-116
12-125
24-118
18-153
10-142
10-118
14-121

PRECISION-
(% RPD)

0-30
0-40
0-50
0-25
0-40
0-40

" 0-40
0-50
0-40
0-83
0-60
0-50
0-25
0-25
0-50
0-50
0-50
0-40
0-40
0-45
0-50
0-35
0-44
0-25
0-25
0-25

•0-28
0-27
0-40
NA
NA
NA
NA
NA
NA

MDL"
(ug'wipe)

1.5
2.1
0.63
0.51
0.60
0.44
1.3
4.7

1.7
0.77

1.9
1.7

0.47
0.47

2.2
1.9
2.0
1.6
2.5
2.4
2.6
1.4
3.2
0.92
1.0

0.89
' 1.4

1.9
1.8
NA
NA
NA
NA
NA
NA

RL*
(ug/

wipe)
10

10
10
10
10
10
10
10
10
10
10
10
10
10
50
50
50
10
10
50
10
10
10
10
10
10
10
10
10

NA
NA
NA
NA
NA
NA
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2,3,7,8-Tetrachlorodibenzo-j>-dioxin(2t3,7,8.

Polychlorinated Dibenzo-p-dioxins and Dibenzofiirans classed

TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

tetra-CDD
tetra-CDF

hexa-CDD
hexa-CDF
hepU-CDp"
hepta-CDF*
octa-CDD
ocu-cDF
Internal Standard -'
13C12-24.7,8-TCDD
Internal Standard •
j3C12-2 .̂7.8-TCDF
Internal Standard •
13C12-1.2,3.6,7.8-HxCDD
Internal Standard -
13C12-U,3.4,6.7,8.HpCDF
Internal Standard-
13C12-OCDD

280
280
280
280
280
ISO
!80
.80
.80
80

SO

SO

80

80

SO

98/7
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/2
98/7

98/2

98/2

98/2

98/2

98/2

69-145
59-142
41-203
55-146
45-174
50-154
20-170
20-170
20-170
20-170

25-150

25-150

25-150

25-150

25-150

JI.0016
0.0011
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TABLE 5.6 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WIPE SAMPLES

PARAMETER

Acenaphthene (MS)

Acenaphthylene

Anthracene

Benzo(a)anthracene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(g,lv)perylene

B«nzo(a)pyrene

Chrysene (MS)

Dibenzo(a4i)anthracene

Ftuoranthene

Fluorene (MS)

Iodeno( 1 ,2,3-cd)pyreie

1-Methylnaphthalene

2-Methylnaphthalene

Naphthalene (MS)

Phenanlbrene

Pyrene(MS)
Surrogate - 4-T«phenyJ-dl4

METHOD
(Prep)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)

8310(3550)
8310(3550)

REF

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

98/2

ACCURACY-
(V. Re«)

11-144

10-139

10-126

12-135

10-150

10-159

10-120

10-128

10-199

10-110

56-136

10-142

10-116

10-125

10-125

31-159

10-155

49-156
28-151

PRECISION-
(% RPD)

0-35

0-40

0-40

0-40

o^to
0-40

0-40

0^0

0-40

0-»0

0-28

0-40

0-40

0-40

0-40

0-34

"0-40

0-28
NA

MDL"
(ug/wipe)

0.38

0.17

0.0060

0.013

0.0046

0.0056

0.0035

0.062

0.012

0.043

0.014

0.080

0.019

0.15

0.16

0.15

0.015

0.035
NA

RLA
(ug/wipe)

1.0

1.0

0.20

0.20

0.20

0.20

0.50

0.20

0.20

0.50

0.50

0.50

0.50

1.0

1.0

1.0

0.20

0.50
NA
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TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTES AND OILY SAMPLES

PARAMETER METHOD Rinr Arv-rm.™- ———— --

Aluminum (ICP)
Antimony (ICP)
Arsenic (ICP)
Arsenic (OFAA)
Barium (ICP)
Beryllium (ICP)
Cadmium (ICP)
Cadmium (GFAA)
Calcium (ICP)
Chromium (ICP)
Cobalt (TCP)
Copper (ICP)
Iron (ICP)
Lead (ICP)
Lead (OFAA)
Magnesium (ICP)
Manganese (ICP)
Mercury (CVAA)
Molybdenum (ICP)
Nickel (ICP)
Potassium (ICP)
Selenium (ICP)
Selenium (GFAA)
SUver (ICP)
Silver (GFAA)
Sodium (ICP)
Stromium(ICP)
Thallium (ICP)
Thallium (OFAA) '
Tin (ICP)
Titanium
Vanadium (ICP)
Zinc (ICP)

METHOD
(Prep)

6010(3050/3051)
6010(3050/3051)

6010(3050/3051)
7060(3050/3051)

6010(3050/3051)
6010(3050/3051)
6010(3050/3051)
7131(3050/3051)
6010(3050/3051)

6010(3050/3051)

6010(3050/3051)
6010(3050/3051)
6010(3050/3051)
6010(3050/3051)
7421(3050/3051)
6010(3050/3051)
6010(3050/3051)

7471 (3050/3051)
6010(3050/3051)
6010(3050/3051)
6010(30503051)

6010(3050/3051)
7740(3050/3051)
6010(3050/3051)
7761 (3050/3051)
6010(3050/3051)

6010(3050/3051)
6010(3050/3051)
7841 (3050/3051)
6010(3050/3051)
6010(3050/3051)
6010(3050/3051)
6010(3050/3051)

REF

2
2

2
2
2
2

2
2
2

2

2
2
2
2
2
2
2

2
2
2
2

2
2
2
2
2

2
2
2
2
2
2
2

ACCURACY-
(% Rec)

75-125
75-125
75-125 j
80-120
75-125
75-125
75-125
80-120
75-125

75-125
75-125

75-125
75-125
75-125
80-120
75-125
75-125

80-120
75-125
75-125
75-125

75-125
80-120
-75-125
80-120
75-125

75-125
75-125
80-120
75-125
75-125
75-125
75-125

PRECISION-
(% RPD)

0-20
0-20

0-20
0-20

0-20

0-20

0-20
0-20
0-20

0-20

0-20
0-20
0-20
0-20
0-20
0-20
0-20

0-20
0-20
0-20
0-20

0-20
0-20
0-20
0-20
0-20

0-30
0-20
0-20
0-20
0-20
0-20

j 0-20

MDL"
(mg/kg)

3.2
0.42
0.39
o.:?
0.42

0.11
0.056
0.0090

2.4

0.44

0.13

0.22
0.88
0.20
0.14
1.7

0.18

0.0020
0.23
1.1
35

0.46
0.13
0.14
0.016
8'.3

0.84

0.46
0.14

1.3
0.25

0.23
0.45

RLA
(mg/kg)

20
2.0
1.0
1.0
1.0

0.40

0.50
0.10
50
1.0

1.0
2.0
5.0
050
0.50
50
1.0

0.020
1.0
4.0
100

1.0
1.0
1.0

0.10
50

1.0
1.0
1.0
5.0
1.0
1.0
2.0
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TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTE AND OILY SAMPLES

PARAMETER

Cyanide, reactive

Cyanide, total

pH

METHOD
<Pr«p)

7.3.3.2

9012(9013)
9012(9010)
9041

REF

2

2
2
2

ACCURACY'
(% Rec)

NA

75-125
75-125
63-158

PRECISION"
(% RPD)

0-50

0-30
0-30
0-40

MDL""
(mg/kg)

NA

0.036
0.065
NA

RLA
(mg/kg)

lOmgKCN/
Kg Waste

1.0 ]
1.0
NA

TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTES AND OILY SAMPLES

PARAMETER

Aldrin (MS)
alpha-BHC
beu-BHC
gunma-BHC (Lindane) (MS)
delta-BHC
technical Chlordane

alpha Chlordane
gamma Chlordane
4,4'-DDD
4,4'-DDE
4,4'-DDT (MS)

Dieldrin (MS)
Endosulfan I

Endosulfan II
Endosulfan sulfate

Endrin(MS)
Eodrin aldehyde
Endrin ketone

Heptachlor (MS)

Heptachlor epoxide
Methoxychlor
Toxaphene

METHOD
(Prep)

8081(3580)

8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)
8081(3580)

REF

2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

ACCURACY"
(% Rec)

10-168
37-134
17-147

10-173
19-140

45-1 19
45-140

45-140
31-140

30-145
10-181
10-176
45-153

10-202
26-144

10-180
10-150

40-100
10-162

37-142
34-166

41-126

PRECISION"
(% RPD)

0-38
0-40
0-40

0-37
0-47

0-40
0-40

__ ' 0-40
0-50

0-25
0-26
0-30
0-40
0-65
0-50

0-32
0-86

0-31
0-38
0-40
0-40

0-50

MDL"
(ug/kg)

0.63
2.6
4.8

2.0
5.4

51
3.6

2.3
6.6

3.9
15
5.7

'3.9

6.6
27

3.0
6.6
13
3.6

3.0

39
540

RLA
(ug/kg)

50
50
50
50
50

500
50
50
100
100
100
100
50
100
100

100
100
100
50

50
500
5000
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urrogate-
Decachlorobiphenyl (DCB)

Ig of sample to a final volume of lOmL with appropriate solvent
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TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTES AND OILY SAMPLES

PARAMETER METHOD
(Prep)

REF ACCURACY

(% Rec)

PRECISION- 1
(% RPD) !

MDL"
("g/kg)

RLA
(ug/kg)

Polychlorinated biphenyl classes j|
Monochlorobiphenyls
Dichlorobiphenyls
Trichlorobiphenyls
Tetrachlorobiphenyls
PenUchlorobiphenyls
Hexachlorobiphenyls
Hepuchlorobipbenyls
OcUchlorobiphenyls
Nonochlorobiphenyls
Decachlorobiphenyl
Sinrogate-
"CjrDecachlorobtphenyl

680(3580)
680(3580)
680(3580)
680(3580)
680(3580)
680(3580)
680(3580)
680(3580)
680(3580)
680(3580)
680(3580)

93/7
93/2
93/2
93/2
93/2
93/2
93/2
93/7
93/2
93/2
93/2

3C-130
30-130
30-130
40-140
40-140
40-140
40-140
40-140
30-130
30-130
30-130

C-50
0-50
0-5C
0-50
0-50
0-50
0-50
0-50
0-50
0-50
NA

20
23
20
39
25
27
48
29
57
57

-NA

300 |
300
300
600
600
600
900
900
1500
1500
NA
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TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTES AND OILY SAMPLES

PARAMETER METHOD REF Arnn?*-~v. „„„.-.—-

Acetone j
Benzene (MS)
3rom odichloromethane

Bromoform
3romomethane (Methyl bromide)

2-Butanone (MEK)
Carbon disulfide

Carbon tetrachloride - -
ChJorobenzene (MS)
Chloroethane
Chloroform
Chlorom ethane
Dibromochl or om ethane
1,1-Dichloroethane
1,2-Dichloroethane
cjj- 1,2-Dichloroethene
tnns-l,2-Dichloroethene
1,1-DichIoroethene (MS)
1 ,2-Dichloropropane
cis-13-Dichloropropene
trans- 1,3-Dichloropropene
Etbyi benzene
2-Hexanone
Methylene chloride
4-Methyl-2-pentanone (MIBK)
Styrene
l.lA2-Tetrachloroethane
Tetracfaloroetbene
Toluene (MS)
1 , 1 , 1 -Trichloroethane
1,1,2-Trichloroethioe
Trichloroetbene (MS)
Vinyl chloride
Xylenes (total)
o-Xylene
m+p-Xylene
Surrogate - Toluene-dS
Surrogate - p-Broraofluorob«nzene
Surrogate -Dibromofluoromethane
Surrogate - l,2-Dichlorobenzene-d4

METHOD
(Prep)

8260(503 5ext)

8260(5 03 5 ext)
8260(503 Sext)

8260(5035ext)

8260(503 Sext)

8260(503 Sea)
8260(5035ext)

8260(503 Sext)
8260(5035ext)

8260(503 Sext)
8260(503Sext)
8260(503 Sext)
8260(5035ext)
8260(503 Jext)
8260(5035ext)
8260(5035ext)
8260(503 Sext)
8260(5035ext)
8260(5035ext)
8260(5035ext)
8260(503 Sext)
8260(5035ext)
8260(S035ext)
8260(503 Sext)
8260(S035ext)
8260(5035ext)
8260(5035ext)
8260(503 Sext)
8260(503 Sext)
8260(S035ext)
8260(S035ext)
8260(5035ext)
8260(S035ext)
8260(503 Sext)
8260(503 Sext)
8260(S03Sext)
8260(503 Sext)
8260(S035ext)
8260(5035ext)
8260(S03Sext)

REF

2
2
-1±

2

2 1
2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

ACCURACY-
(% Rec)

14-189 |

64-144

71-140

59-143

35-181

54-166

10-160

65-129

56-152
6S-129
62-117
10-186
73-127
64-112
66-128
64-123
60-161
44-157
47-146
51-109
$7-143
60-131 .
47-145
61-149
64-167
56-121
36-157
61-142
67-142
11-148
66-123
41-134
18-169
50-150
22-1S4
62-123
58-148
70-136
66-148
70-130

PRECISION-
(% RPD)

OC-4C

0-25

0-40

0-40

0-65

0-40 ~l

0-65

0-40
0-25
0-40
0-40

0-65
0-40
0-40
0-40
0-40
0-25
0-25
0-65
0-6$
0-6$
0-40
0-40
0-65
0-49
0-40

0-40
0-40
0-25
0-40
0-40
0-25
0-65
0-40
0-40
0-40
NA
NA
NA

MDL-
(ug/kg)

1200

210
170

430

1000

1400

150

240

290

650
130

-600
140
140
300
160
290
390
$00
2SO
330
280
1900
330
1600
2220

' 400
220
240
490
330
360
490
750
250
500
NA
NA
NA

NA NA

RLA
(ug/kg)

25COO
2500
2500
2500
5000

12500
2500

2500

2500
5000
2500
5000
2500
2500
2500
2500
2500
2500
2SOO
2500
2SOO
2500
12550
2300
12500
2300
2500
2300
2500
2500
2300
2500
5000
2500
2500
2300
NA
NA
NA

j NA
«- lg of waste to 10mL methane,; analyze aitaL of extract (equ,va,en, to O.OlOg of samp.e)
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TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTES AND OILY SAMPLES

PARAMETER

Acenaphthene (MS)
Acenaphthylene
Anthracene
Benzo(a)inthrac ene
Benzoic acid
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(g,h,i)perylene
Benzo(a)pyrene
Bis(2-cfaloroethoxy) methane
Bis(2-chloroethyl) ether
Bis(2-chloroisopropyl) ether
Bis(2-ethylhejcyl) phthslate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
Carbazole
4-Chloro*niline
4-Chloro-3-methylphenol (MS) (p-Chloro-m-
cresol)
2-Chloronapbthalene
2-Chlorophenol (MS)
4-Chloropheoylphenyl ether
Cbrysene
2-Methyl phenol (o-Cresol)
3-Methyl phenol (m-Cresol)
4-Methyl phenol (p-Cresol)
Dibenz(aJ})anthracene
Oibenzofuran
Di-n-butylphthalat*
1 ,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene (MS)

METHOD
(Prep)

8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)

8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)

REF

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2
2

ACCURACY"
(% Rec)
28-102
54-140
48-130
42-143
10-150
49-123
24-137
10-219
44-141
33-184
12-158
36-166
10-158
53-127
10-152
10-150
10-150
31-123

60-118
29-108
25-158
40-148
10-150
10-150
10-150
40-147
10-150
10-118
32-129
10-172
20-114

PRECISION'
(% RPD)

0-25

MDL--
(ug/kg)
3900

0-25 3900
0-30
0-25
0-50
0-25
0-38
0-50
0-29
0-50
0-50
0-50
0-40
0-40
0-40
0-50
0-50
0-25

0-40
0-25
0-33
0-27
0-50
0-50
0-50
0-28
0-50
0-50
0-40
0-42
0-40

3600
2900
6300
5100
3900
5700
3300
9000
2900
3000
14000
3300
9000
4200
5100
3000

3300
3300
3000
3600
3900
18000
18000
4500
3600
4500
3300
2600
3300

RLA
(ug/kg)
100000
10000C
100000
100000 j
500000
100000
100000
100000
I 00000
100000
100000
100000
100000
100000
100000
100000
200000
100000

100000
100000
100000
100000
100000
100000
100000
100000
100000
100000
100000
100000
100000
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ACCLiRAC
(%Rec)

10-262
39-135
10-114
15-151
10-112
IQ-IS
10-167
25-12
50-158
10-150

PRECISION
(% RPD)

0-100

0-40

RLA
ug/leg)
200000
ooooo
ooooo
100000
ooooo
300000
500000
100000
100000
100000

3,3'-Dichlorobenzidme
2,4-DichIorophenol
Diethylphthalate
2,4-Dimethylpheno!
Dimethylphthalate
4,6-Dinitro-2-methy!phenol
2,4-Dinitrophenol
2,4-Dinitrotoluene (MS)
2,6-Dffiitrotoiuene
Diphenytamine/
N-nitrosodiphenylamine
Fluoranthene
Fluorene
Henchloro benzene
Hexachlorobutadiene
Henchlorocyclopentadiene
Hexachloroethane
Indeno( 1.2,3-cd)pyrene
Isophorone
2-MethylnaphthaJene
Naphthalene

270(3380)
8270(358b

70(3580)
8270(3580)
8270(358'0)

270(338Q)
270(3580)

8270(3580)
8270(3580)

8270(3580)
8270(3380)
8270(3580)

8270(3580)
8270(3580)
270(3580)
270(3580)
27Q(3580)
270(3580)
270(3580)

oooot
100000

Iboooo
jooooo
iooooo
lOOOOO
100000

ooooo
IQOOOO
100000
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TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTES AND OILY SAMPLES

PARAMETER

2-Nitroaniline
3-Nhroaniline
4-Nrtroaniline
Nitrobenzene
2-Nitrophenol
4-Nitrophenol (MS)
N-Nitroso-di-n-propylamine (MS)
Pemachlorophenol (MS)
Phenanthrenc
Phenol (MS)
Py rent (MS)
1,2,4-Trichlorobenzene (MS)
2,4,5-Trichloropnenol
2,4 ,6-Trichlorophenol
Surrogate - Nitrobenzene-d5
Surrogite - 2-Fluorobipbenyl
Surrogate - p-Terphenyl-dH
Surrogate - Pbenol-d5
Surrogate - 2-Fluoropbenol
Surrogate - 2,4,6 -
TribroiQopflCQOt

METHOD
(p«p)

8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)
8270(3580)

REF

2
2
2

2
2
2
2
2

2
2
2
2
2
2
2
2
2
2
2
2

ACCURACY*
(%Rec)

10-150
10-150
10-150
35-180
29-182
10-125
27-140
10-111
56-129
26-108
24-155
23-124
39-123
37-144
21-98
29-99

22-136
28-105
18-107
12-122

PRECISION
* (%RPD)

0-50
0-50
0-50
0-40
0-40
0-45
0-35
0-44
0-25
0-25
0-25
0-28
0-27
0-40
NA
NA
NA
NA
NA
NA

MDL**
(ug/kg)

4200
3300
3900
3900
2400
9000
4200
8400
3600
5700
3300
3300
3900
2800
NA
NA
NA
NA
NA
NA

RLA
(ug/kg

500000
500000
500000
100000
100000
500000
100000
500000
100000
100000
100000
100000
100000
100000

NA
NA
NA
NA
NA
NA

Waste dilution extraction : Ig of sample ot a final volume of lOmL with appropriate solvent.
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TABLE 5.7 LABORATORY ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WASTES AND OILY SAMPLES

PARAMETER

2,3,7, 8-Tetrachlorodibenzo-p-dioxin (2,3,7, 8-
TCDD)

METHOD
(Prep)

8280

REF

*>

ACCURACY*
(% Rec)

69-145

PRECISION*
(%RPD)

0-40

MDL"
(ug/tg)

1.3

RLA
(u«/k«)

50

Polychlorinated Dibenzo-p-dioxins and Dibenzofurans classes
letra-CDD
leira-CDF
penta-CDD
penta-CDF
hexa-CDD
hexa-CDF
hepta-CDD
hepta-CDF
octa-CDD
octa-CDF
Internal Standard -
13C12-2,3.7,8-TCDD
Internal Standard -
13C12-2,3,7,8-TCDF
Internal Standard -
13012-1.2,3,6, 7.8-HxCDD
Internal Standard -
13C12-l,2,3.4.6.7.8-HpCDF
Internal Standard -
13C12-OCDD

8280
8280
8280
8280
8280
8280
8280
8280
8280
8280

8280

8280

8280

8280

8280

2

2
2
2
2
2
2
2
2
2

2

2

2

2

2

69-145
59-142
41-203
55-146
45-174
50-154
20-170
20-170
20-170
20-170

25-150

25-150

25-150

25-150

25-150

0-40
0-40
0-40
0-40
0-53
0-46
0-50
0-50
0-50
0-50

NA

NA

NA

NA

NA:

1.2
0.40
0.89
0.68
1.3

0.51
1.3

0.63
1.4
1.3

NA

NA

NA

NA

NA

50
50
50
50
50
50
100
100
100
100

NA

NA

NA

NA

NA
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TABLE 5.8 FIELD ANALYTICAL METHODS, QA OBJECTIVES AND
METHOD DETECTION LIMITS (MDL) FOR WATER AND OTHER LIQUIDS

PARAMETER

Chlorine, residual

Hydrogen ion (pH)
Oxygen (dissolved)
Salinity
Specific conductance
Temperature
Turbidity
Water level
Sulfite

METHOD
(Prep)

4500-Cl'F
330.5/4500-C1-G

(Hach8021)
150.1/9040

360.1
2520B

120.1/9050
170.1

180.1/2130B
EPA

4500-SOia-B
377.1

REF

4
3/4

3/2
3
4

3/2
3

3/4
12
4
3

ACCURACY*
(% Rec)

PRECISION*
(%RPD)

NA | 0-40
NA

85-115
NA
NA

90-110
NA

60-140
NA

75-125
75-125

0-40

0-15
0-30
NA
0-10
0-10
0-30
0-5
0-30
0-30

MDL**
(m&X)

NA
NA

NA
NA
NA

0.26 nS/cm
NA

0.008 NTU
NA
NA
NA '

RLA
(mgl.)

0.05
0.05

NA
0.20
100

1.0 (xS/cm
NA

0.10 NTU
0.01ft

1.0
1.0
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REFERENCES AND NOTES FOR TABLES 5.1. 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8

* Accuracy data are presented as recoveries for spikes or surrogates. For routine analysis of organics, percent
recoveries are evaluated only on the subset spike compound lists specified by the methods. An (MS)
following the parameter name designates the routine matrix and laboratory control spike compounds.
Precision data are presented as relative percent difference (% RPD) and are advisory; i.e., not used for
laboratory control. Since reportable levels (above detection limit) for most of the organic parameters may
not be detected in all environmental samples, precision is usually based on duplicate spike data and evaluated
according to method requirements.

Accuracy and precision control limits are primarily derived from in-house laboratory data. Some accuracy
and precision limits have been rounded to the nearest "5". In some cases, method limits may be used in lieu
of in-house limits because in-house limits are broader than the method limits or are too broad to be usable.
These cases include all metals methods, certain of the 500-series methods, method 8015 DAI, and all 600
series methods. In-house accuracy and precision limits in Tables 5.1 - 5.8 have been developed from spike
concentrations between 0.5 times to 10 times the routine reporting (quantitation) limits.

** Method Detection Limit (MDL)

A Routine Reporting Limit (also referred to as quntitation limt or pratical quantitation limit(PQL).)

NA Not Applicable

SIM (Selected ion monitoring.) Savannah Laboratories has verified that the analytes listed can be
determined using this procedure.
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1. Code of Federal Regulations, Tide 40, Pan 136; U.S. Government Printing Office: Washington, DC, July
1, 1997.

2. Test Methods for Evaluating Solid Waste, Third Edition, SW-846 (including Update III): U.S. EPA Office of
Solid Waste and Emergency Response: Washington, DC.

3. Methods for Chemical Analysis of Water and Wastes; U.S. EPA Office of-Research and Development:
Cincinnati, OH, March 1983; EPA 600/4-79-020.

4. Standard Methods for the Examination of Water and Wastewater, Eighteenth Edition; American Public
Health Association: Washington, DC, 1989.

5. Deepwater Ports Maintenance, Dredging, and Disposal Manual; Florida DER.

6. CLP - US EPA Contract Laboratory Program Statement of Work for Organics Analysis, Low Concentration
Water, Revision OLC02.1 (February 1996).

7. Determination of Triazine Pesticides in Industrial and Municipal Wastewater: EPA Method 619; January,
1982.

8. Determination of Thiophosphate Pesticides in Industrial and Municipal Wastewater: EPA Method 622.1;
January, 1982.

9. Determination of Dinitroaniline Pesticides in Industrial and Municipal Wastewater: EPA Method 627;
January, 1982.

10. Determination of Organochlorine Pesticides in Industrial and Municipal Wastewater: EPA Method 608.1;
February, 1982.

12. Analytical Procedures for Detection and Quantification of Total Petroleum Fuel Hydrocarbons and Fuel
Constituents: Calif. Method for Modified 8015; Don M. Eisenberg, Adam W. Olivier, Peter W. Johnson,
Daniel S. Tempelis; September, 1985.

13. Determination of Carbonate and Urea Pesticides in Industrial and Municipal Wastewater: EPA Method
632; January, 1982.

14. Determination of Organophosphorus Pesticides in Industrial and Municipal Wastewater: EPA Method 622;
January, 1982.

15. Determination of Thiocarbamate Pesticides in Industrial and Municipal Wastewaters by Gas
Chromatography: EPA Method 634; January, 1982.

16. Determination of Bensulide in Industrial and Municipal Wastewaters by Liquid Chromatography: EPA
Method 636.

17. Determination of Mercaptobenzothiazole in Wastewaters by Liquid Chromatography: EPA Method 640.

18. Determination of Hexachlorophene and Dichlorophen in Industrial and Municipal Wastewaters: EPA
Method 604.1.
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19. Determination of Rotenone in Industrial and Municipal Wastewaters by Liquid Chromatography: EPA
Method 635.

20. Determination of Bendiocarb in Industrial and Municipal Wastewcters by Liquid Cnrcmatography: EPA
Method 639.

21. Determination of Oryzalin in Industrial and Municipal Wastewaters: EPA Method 638.

22. Determination of MBTS and TCMTB in Industrial and Municipal Wastewater by Liquid Ckromatography:
EPA Method 637.

23. Determination of Diphenylamine in Industrial and Municipal Wastewater by Gas Chromatography: EPA
Method 620.

24. C, H, and O Compounds: EPA Method 616.

25. Determination of Cyanazine in Industrial and Municipal Wastewater: EPA Method 629; January, 1982.

26. Determination of Organohalide Pesticides and PCBs in Industrial and Municipal Wastewater: EPA Method
617; January, 1982.

27. Determination of Volatile Pesticides in Municipal and Industrial Wastewater by Gas Chromatography: EPA
Method 618.

28. Analysis of Certain Amine Pesticides and Lethane in Wastewater by Gas Chromatography: EPA Method
645.

30. Measurement of Trihalomethanes in Drinking Water with Gas Chromatography/ Mass Specrrometry and
Selected Ion Monitoring: EPA Method 501.3.

31. Method from FDER Central Lab

33. Measurement of N-Methyl Carbamoyloximes and N-Methyl Carbonates in Drinking Water by Direct
Aqueous Injection HPLC with Post Column Derivatization: EPA Method 531. <

35. NIOSH - National Institute for Occupational Safety and Health, Third Edition, 1987.

36. Official Methods of Analysis of the Association of Official Analytical Chemists, Method for Formaldehyde
20.063 (ChromotropicAcid), Thirteenth Edition, 1980.

38. Annual Book of ASTM Standards, Pan 23; ASTM: Philadelphia, PA, 1980.

39. Annual Book of ASTM Standards, Volume U.01/11.02; ASTM: Philadelphia, PA, 1989.

40. Balls, P.W.; Atomic Absorption Spectrometric/Hydride Generation Determination of Tributyl Tin and
Dibutyl Tin in Sea Water at the Nanogram per Liter Level; ANALYTICA CHEMICA ACTA 197; 309-313
(1987).



Section 5
Revisio:0
Date :01/99
Page 209 of 212

41. Determination of Organophosphorus Pesticides in Industrial and Municipal Wastewater. EPA Method 633.

42. Methods/or the Determination of Organic Substances in Water and Fluvial Sediments, USGS BookS, 1983.

43. Methods of Soil Analysis, American Society of Agronomy, Inc., Number 9, Pan 2, page 570, (Walkley-BIack
Procedure).

44. EPA 600/4-84-008, Appendix D: Method For Extraaable Organic Halides (EOX) In Solids, January, 1984.

45. CLP-USEPA Contract Laboratory Program Statement of Work for Inorganics Analysis, Multi-Media,
Multi-concentration; Revision ILMC2.1, ILM03.1, and ILM04.0.

46. EPA/CE-81-1 Technical Report, May 1981: Environmental Protection Agency /Corps of Engineers
Technical Committee on Criteria for Dredged and Fill Material; Procedures for Handling and Chemical
Analysis of Sediment and Water Samples.

49. Analysis of THMs in Finished Waters by the Purge and Trap Method: EPA Method 501.1.

50. Analysis of THMs in Drinking Water by Liquid/Liquid Extraction; EPA Method 501.2.

51. EPA 600/4-88-039: Methods for the Determination of Organic Compounds in Drinking Water, December,
1988, Revised July, 1991.

52. Determination of Organophosphorus Pesticides in Municipal and Industrial Wastewater: EPA Method 614,
February, 1982.

53. Determination of Chlorinated Herbicides in Municipal and Industrial Wastewater: EPA Method 615.

54. EPA 600/4-80-032: Prescribed Procedures for Measurement of Radioactivity in Drinking Water, August,
1980.

55. Determination ofBenomyl and Carabendazim in Wastewater: EPA Method 631.

56. Simon, Verne A.; A Novel Method for the Determination of Paraquat and Diquat in Water by HPLC;
Florida MRS.

57. Determination of Certain Organochlorine Pesticides in Municipal and Industrial Wastewater: EPA Method
608.2.

58. Determination of Organophosphorus Pesticides in Wastewater: EPA Method 614.1.

59. Analysis ofBentazon in Wastewater by Liquid Chromatography: EPA Method 643.

60. Calculation of Un-Ionized Ammonia in Fresh Water; FL DEP, October, 1983.

61. Bellar, T.A., and Lichtenberg, J. J.; The Determination of Pofychlorinated Biphenyls in Transformer Fluid
and Waste Oils; U.S. EPA Environmental Monitoring and Support Laboratory: Cincinnati, OH,
September, 1982; EPA-600/4-81-045.

62. CLP - USEPA Contract Laboratory Program Statement of Work for Organics Analysis, Multi-Media,
Multi-Concentration, Revision OLM01.0 thru OLM01.9 (CLP-3/90).

63. Determination of Dithiocarbamate Pesticides in Industrial and Municipal Wastewater. EPA Method 630.
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64. Analysis ofPicloram in Wastewater by Liquid Chromatography, EPA Method 644.

65. Inductivelv Coupled Plasma Atomic Emission Analysis of Drinking Water, Appendix to Method 200.7,
Revision 7.3; USEPA, March, 1987.

66. Brooks, BlancharoVPercival, Martin, Procedure for the Determination of Radium 22S, Anal. Chem. 46,
1742(1974).

67. EPA/600/8-78/017: Microbiological Methods for Monitoring the Environment - Water and Wastes;
December, 1978.

68. SL SOP LC66 -.Determination of Acrylic Acid in Water and Soil by EPIC.

69. Method for the Determination of Diesel Range Organics, State of Tennessee Department of Environment
and Conservation, Division of Underground Storage Tanks, with comments by Chuck Head, March, 1993.

70. Method for the Determination of Gasoline Range Organics, State of Tennessee Department of
Environment and Conservation, Division of Underground Storage Tanks.

71. Chemical Oxygen Demand, Method 8000, Each Handbook of Water Analysis, Hach Chemical -Company:
Loveland, CO, 1979.

72. Determination of Organophosphorus Pesticides in Municipal and Industrial Wasiev/ater; EPA Method
1657.

73. Savannah Laboratories' SOP SM06: Guidelines for SIM Analyses by GC/MS.

74. Code of Federal Regulations, Title 40, Part 261, Appendices I, II, HI; U.S. Government Printing Office;
Washington, DC, July 1, 1993.

75. Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air, EPA-
600/4-84-041, April, 1984.

76. Quality Assurance Handbook for Air Pollution Measurement Systems, Volume IH, Stationary Source
Specific Methods (Interim Edition), EPA-600/R-94/038C; April, 1994.

77. Savannah Laboratories' SOPs ME52:Parr Bomb Digestion for ICP and ME62: Parr Bomb Digestion for
GFAA.

78. EPA 600/4-88-039: "Methods for the Determination of Organic Compounds in Drinking Water",
December 1993.

79. EPA 600/4-88-039: "Methods for the Determination of Organic Compounds in Drinking Water", March
1994.

80. MMSC Environmental Management: Method I, "Tritium in Soil", December 1993.

81. "Microbial Methods for Monitoring the Environment", US EPA Office of Research and Development:
Washington, D.C., December 1978.

82. "Methods for the Determination of Inorganic Substances in Environmental Samples", USEPA Office of
Research and Development: Washington, DC August 1993, EPA/600/R-93/100.
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83. FL-PRO Method, "Method for Determination of Petroleum Range Organics," FL DEP, Revision 1,
November 1, 1995.

84. Method 1664: "N-Hexane Extractable Material (HEM) and Silica Gel Treated N-Hexane Extractable
Material (SGT-HEM) by Extraction and Gravimeny (Oil and Grease and Total Petroleum Hydrocarbons)",

EPA-821-B-94-004b, April 1995.

85. CLP - USEPA Contract Laboratory Program Statement of Work for Organics Analysis, Multi-Media,
Multi-Concentration, Revision OLM03.0 -"OLM03.1 (August 1994).

86. EPA 600/R-94/111: "Methods for the Determination of Metals in Environmental Samples", May 1994,
Supplement 1.

87. Rules of the Department of Environmental Protection, Florida Administrative Code Title 62; Section 62-
770, "Petroleum Contamination Site Cleanup Criteria."

89. EPA 600/R-95/131: "Methods for the Determination of Organic Compounds in Drinking Water, Supplement
III", August 1995.

90. National Council of the Paper Industry for Air and Stream Improvement: Special Report No. 95-07,
Method 253, May 1995.

91. EPA 600/4-88-039: "Methods for the Determination of Organic Compounds in Drinking Water, Method
504, Revision 2.0(1989).

92. Method 1650: "Absorbable Organic Halides by Adsorption in Microcoulometric Tarations; "Analytical
Methods for the Determination of Pollutants in Pulp and Paper Industry Water and Wastewater": U.S.
EPA Office of Water, Engineering, and Analysis Division, Washington, D.C..

93. Method 680: "Determination of Pesticides and PCBs in Water and Soil/Sediment by GC/MS"; U.S.
EPA, Washington, D.C..

" 94. Method 1653: "Chlorinated Phenolics in Water by In-situ Acetylation/GC/MS Determination ", Method
cp. 86.01, National Council of the Paper Industry for Air and Stream Improvement, Inc., 260 "Madison
Avenue, NY 10016 (July 1986).

95. SL SOP AR30: "Dissolved Gases in Water", based on "Dissolved Oxygen and Methane in Water by a
GCHeadspace Equilibration Technique" by Kampbell and Wilson; U.S. EPA. (March 1989). '

96. SL SOP CU16: "Wipe Test: Sampling", based on guidance from NIOSH and OSHA manuals.

97. "Extraction and Analysis of Organics in Biological Tissues"; U.S. EPA Environmental Services Division,
Analytical Support Branch, Athens, GA (Method OB 10/90).
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98. NIOSH Manual of Analytical Methods. Fourth Edition, August 1994, U.S. Department of Health and
Human Services, Cincinnati, Ohio.

99. OSHA Analytical Methods Manual, Second Edition, January 1990. Department of Labor, Salt Lake City,
Utah.

100. SL SOP ME 80: Determination of Lithium by Flame Emission Spectroscopy.

101. SL S OP VG41: Direct Aqueous Injection (DA1) of Pulp and Paper Samples
(This SOP is based on the guidance in NCASI draft Method 301: Methanol in Process Liquids by GC/F1D
and NCASI Method 301 validation document: Method 301 Validation of the NCASI Method "Methanol
in Process Liquids by GC/FE)")..

101. SL SOP LC67: Determination ofCyanuricAcid in Water and Soil by HPLC

102. SLSOPLC65 '.Determination ofPhthalic A cid and Maleic Acid in Water and Soils by HPL C

104. SL SOP LC60: Ethylenethiourea in Water and Soils

105 SL SOP LC45: Determination ofAsulam in Water by HPLC

106. Method for the Determination ofExtractable Petroleum Hydrocarbons (EPH); Massachusetts
Department of Environmental Protection; January 1998

107. Method for the Determination of Volatile Petroleum Hydrocarbons (VPH); Massachusetts
Department of Environmental Protection; January 1998

108. SL SOP GE105: Nitrocellulose in Water and Soil

109. SL SOP LC42: Determination of Nitroaromatics and Nitramines (Explosive Residues) in Water and Soil
by HPLC (Modified 8330)

110. ASTM Method D4282-83
t

111. ASTM Method 1385

112. SLSOPLC35: Thiodiglycol by HPLC

113. SL SOP GE 114: Per chlorate by Ion Chromatography



6.0 SAMPLING PROCEDURES

Section 6
Date: 01/99
Revision : 0
Paee: I o f 2 0

When Savannah Laboratories is contracted to provide sampling services, a field crew is assigned to each
project. Each crew is composed of experienced field sampling technicians and a highly qualified field
sampling manager who is trained in EPA protocols for groundwater and other environmental sampling. On
numerous past projects, these manager have had their field sampling techniques audited by Florida DEP,
Georgia EPD, Alabama ADEM, South Carolina DHEC, and EPA Region IV QA or field personnel. The
field sampling crews at Savannah Laboratories are responsible for collection, handling, field screening,
documentation, and packaging and shipment of samples to the lab in accordance with client requests.

The crew adheres to the sampling protocol defined by the appropriate regulatory agency or the
requirements defined in the project sampling plan (QAPP). In some cases, sampling procedures may be
modified to comply with client" project requirements.

6.1 Sampling Capabilities

Savannah Laboratories has the capability for sampling groundwater, surface water, wastewater, soils,
sediments/sludges, drinking water, and tissues for the following analyte classes:

Analyte Class
Volatile Organics (VOAs)

Extractable Organics

Metals

Radionuclides

Microbiology

Cyanide/Sulfide

Inorganic Anions'

Organics: TOC, COD, BOD,
Total Recoverable Petroleum
Hydrocarbons, Oil & Grease,
Phenolics, MBAS
Physical Properties: Color,
Specific Conductance,
Hardness, Odor, pH, Residues,
Temperature. Turbidity

Sample Source
Drinking water, groundwater, surface water, wastewater, sols,
sediments, fish, shellfish, plant and animal tissues, liquid hazardous
wastes, sludges, solid and hazardous wastes, and domestic waste
sludges.
Drinking water, groundwater, surface water, wastewater, soils,
sediments, fish, shellfish, plant and animal tissues, liquid hazardous
wastes, sludges, solid and hazardous wastes, and domestic waste
sludges.
nrinkjng water, groundwater, surface water, wastewater, soils,
sediments, fish, shellfish, plant and animal tissues, liquid hazardous
wastes, sludges, solid and hazardous wastes, and domestic waste
sludges.
Drinking water, groundwater, surface water, wastewater, soils, and
sediments
Drinking water, groundwater, surface water, wastewater, soils,
sediments, and tissues . <
Drinking water, groundwater, surface water, wastewater, soils,
sediments, liquid hazardous wastes, sludges, solid and hazardous waste,
and domestic waste sludges.
Drinking water, groundwater, surface water, wastewater, soils,
sediments, liquid hazardous wastes, sludges, solid and hazardous waste,
and domestic waste sludges.
Drinking water, groundwater, surface water, wastewater, soils,
sediments, liquid hazardous wastes, sludges, solid and hazardous waste,
and domestic waste sludges.

Drinking water, groundwater, surface water, wastewater, soils,
sediments, liquid hazardous wastes, sludges, solid and hazardous waste,
and domestic waste sludges.

'Nitrogen, Phosphorus Series, Bromide, Chloride, Chlorine, Iodide, Sulfate, Acidity, Alkalinity, DO, 1C
Parameters
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The following is a list of equipment and the sample preservation reagents employed by Savannah
Laboratories' field sampling crews.

Routinely Used Equipment
Ice chests, Stvrofoam or insulated plastic
Sampling vehicles
Field thermometer
Field pH meter
Field conductivrtv meter
Electronic water level indicator
Stainless steel tape measure
Nylon, monofilament or polypropylene line
Sheet plastic
Aluminum foil
Plastic or metal buckets
Cleaning brushes
Liquinox detergent in original container
Analyte free water contained in contaminant-free glass or plastic
bottles
Isopropyl alcohol (nanograde) contained in contaminant-free
glass bottles or Teflon squeeze bottles
10% Nitric acid (metals grade) contained in contaminant -free
glass bottles
Glass or plastic bottles and dispensers
Glass or plastic jugs
Field carrier (covered, divided tray or box)
Narrow range pH paper
Disposable pipettes glass (organic) and plastic (inorganic)
Standard buffer solutions (pH 4,7, and 10)
Standard KC1 solution(100, 500, 1000, 1413, 12880 micro
ohms/cm)
Disposable unpowdered latex gloves
Ice
Sealing Tape
Shipping labels and forms
Sample container labels
Bubble pack
Clothing and goggles
Notebooks
Waterproof pens, markers
Custody-Seals
Custody forms
Camera
Calculator
Site maps
SOPs
MSDS Sheet on all chemicals
Turbiditv meter with 0.75 , 10, and 100 NTU standards
Chlorine test kit with pocket colorimeter
Sulfite test kit with calibration burets
Paper towels

Use
Sample container and sample transport
Sample container and sample transport
Field measurement of temperature
Field measurement of oH
Field measurement of conductivity
Well volume calculation j
Well volume calculation
Well volume calculation
Contamination control
Contamination control
Collection of purge water or cleaning wastes
Equipment decontamination
Equipment decontamination
Equipment decontamination

Equipment decontamination

Equipment decontamination (except for stainless steel
equipment)
Equipment decontamination
Transport of cleaning wastes
Transport of preservation reagents
Field check of sample preservation
Addition of preservation reagents
Calibration of field pH meter
Calibration check of field conductivity and salinity meter

Contamination control
Sample preservation
Sealing sample containers (except VOA vials)
Shipping samples
Labeling samples
Packing samples
Sampling safety
Documentation
Documentation, labeling '
Monitor for tampering
Document custody
Document site
Calculations
Determine locations
Referencejirocedures
Safety emergency
Field measurement of turbidity
Field determination of chlorine
Field determination of sulfite
General use -•

Preservation Reagents 1 Grade
HC1,1:1
HNO,, 1:1
H,S04.1:1
NaOH
Na,S,O5, 10%. 0.008%
Zn (CjH,O:),, 2N
Ascorbic acid, neat; 0.06%
ChJoroacetic acid

Metals grade, pre-assayed
Metals grade, pre-assaved
Metals grade, pre-assayed
ACS reagent grade
ACS reagent grade
ACS reagent grade
ACS reagent grade
ACS reagent erade
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The following tables list the parameter, the routine container, the chemical preservative required to
maintain the integrity of the sample, the hold time (preparation and analytical), and the minimum volume
or weight of sample required to complete the analysis. The preparation of sampling kits is described in SL
SOP CU15: Preparation of Sampling Containers. A table of contents for these tables is given below.

The Routine Containers used for sampling and analysis are certified by SL to ensure that the parameters
tested are below the reporting limits published in the current SL CQAP. The procedures for certifying
containers are given in SL SOP CU35: Procedures for Contaminant-free Containers.

The chemical preservative is the solution added to the sampling containers or supplied as separate solutions
or neat materials that preserve the integrity of the sample. Chemical preservatives are generally analyte
specific. Generally, parameters requiring the same type of container and preservation can be analyzed from
the same container. In addition to chemical preservation, the samples must be iced at the time of collection
and maintained in the laboratory at the required temperature, usually 0-4C (control limits of less than 6C
with no frozen samples).

The hold time is the maximum time from collection that the sample can be held prior to preparation or
analysis. Some parameters, for example, semivolatile organics, have separate hold times for preparation of
the sample and analysis of the extract

The minimum volume or weight represents the volume of sample required to analyze for the parameter one
time without sample matrix spikes to achieve the routine reporting levels. If smaller volumes or weights of
sample are supplied that those listed in the table, the reporting limit will be elevated to reflect the sample
size. If matrix spikes are required, the minimum volume or weight of sample required is three times the
volume or weight listed in the table.

The routine reporting limit for some analyses can be attained when a less than optimum sample volume or
weight is supplied. For some analyses (e.g., organic extractions), the final volume of the extract or digest
can be adjusted to met the routine reporting limits. If a client requires a normal reporting limit from a
reduced sample amount, the client must inform their project manager, who will alert the lab prior to sample
analysis because the amount of surrogate and/or spiking solution must be adjusted prior to sample
preparation.

The minimum volume or weight required for TCLP is determined by the procedure. The lab must have
these minimum amounts of sample in order to meet the Regulatory Threshold Limits for hazardous Wastes.
If less than the required weight or volume is supplied, the data may be flagged or the results for the TCLP
invalidated by the regulatory agency.

Table of Contents For Analyses/Routine Containers
PARAMETERS
General Chemistry
Metals
Volatiles by GC
Volatiles by GC/MS
Semivolatiles by GC
Semivolatiles by GC/MS
Liquid Chromatography
Radiological
Microbiological
Hazardous Waste
Wipes
Air

Pages
4-8
9

10-11
10-11
12-13

14
15-17

18
18
19
19
20
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ANALYSES/CONTAINERS FOR LIQUIDS -General Chemistry
PARAMETER

Acidity
Alkalinity
Bromide (1C)
Chloride (autoanalyzer)
Chloride (1C)
Color
Fluoride (electrode)
Fluoride (1C)
Hydrogen ion
Nitrate (autoanalyzer)
Nitrate (1C)
Nitrite (colorimetric)
Nitrite (1C)
Orthophosphale
Specific Conductance
Sulfate (turbidimetric)
Sulfate (1C)
Sulfite
Temperature
Turbidity

Ammonia
Ammonia (if distillation required)
COD
Nitrate - Nitrite
Phosphorus, total

Hexavafenl chromium
Cyanide, reactive

ROUTINE CONTAINER

120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P
120-ml P

120-ml P
120-ml P
120-ml P
120-ml P
120-ml P

250-ml P
250-mL P

CHEMICAL
PRESERVATIVE(l)

none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none

O.SmL 1:1 sulftiricacid
O.SmL 1:1 sulfuric acid
0.5mL 1:1 sulfuricacid
O.SmL 1:1 sulfuric acid
O.SmL 1:1 sulfuric acid

none
none

Hold Time

14 days
14 days
28 days
28 days
28 days
2 days

28 days
28 days

analyze ASAP
2 days
2 days
2 days
2 days
2 days
28 days
28 days
28 days

analyze ASAP
analyze ASAP

2 days

28 days
28 days
28 days
28 days
28 days

1 day
14 days

MINIMUM VOLUME
REQUTREI)

50mL
SOmL
lOmL
lOmL
lOmL
SOniL
25mL
lOmL
25mL
lOmL
lOnil,
lOmL
lOmL
25mL
25mL
25mL
lOmL
50mL
lOmL
25mL

lOmL
25mL
25mL
lOmL
25ml,

10ml,
lOmlVlOg

(1) Containers should be iced at time of collection in addition to tlie chemical preservation
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ANALYSES/CONTAINERS FOR LIQUIDS-General Chemistry
PARAMETER

Kjeldahl (TKN) and organic nitrogen
Hardness (EDTA titration)

Ferrous [ron (colorimetric)

BOD
Residue, total
Residue, filterable (TDS)
Residue, non-filterable (TSS)
Residue, sellable
Residue, volatile (VSS)
Surfactants
Sul fide, reactive

Sulfide

Cyanide, total and amenable to chlorination

Cyanide
CLPILMO2.1fl.O/4.0

Organic Carbon (TOC)
Shimadzu analyzer-Mobile and Savannah)

Organic Carbon (TOC)
Dohrmann analyzcr-Tallahassee)

Chlorine, total residual

ROUTINE CONTAINER

250-ml P
250-ml P

250-ml P

500-ml P
500-mlP
500-ml P
500-ml P
500-ml P
500-ml P
500-ml P
500-ml P

500-ml P

250-mL P
500-mLP
250-mL P

125-mlambG

125-mlambG

250-ml amb G

CHEMICAL
PRESERVATIVE(l)
ImL 1:1 sulfuricacid
ImL 1:1 sulftiric acid

1 mL 1:1 hydrochloric acid

none
none
none
none
none
none
none
none

2mL 2N zinc acetate

4-5 pellets sodium hydroxide
8-10 pellets sodium hydroxide
4-5 pellets sodium hydroxide

ImL 1:1 hydrochloric acid

ImL 1:1 sulfuricacid

none

HOLD TIME

analyze ASAP

2 days
7 days
7 days
7 days
2 days
7 days
2 days

7 days

14 days

12 days (2)

28 days

28 days

analyze ASAP

MINIMUM VOLUME
R INQUIRED

25ml,
lOOrnL

25ml,

lOOmL
lOOmL
lOOmL
lOflmL
lOOmL
100ml,
lOOmL

IOmL(10g)

250mL

50mL

50mL

lOmL

lOmL

25mL
(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) The hold time for CLP methods is measured from the date of receipt into the laboratory.
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ANALYSES/CONTAINERS FOR LIQUIPS-Gencral Chemistry
PARAMETER

Oxygen, dissolved (Winkler)

Oxygen, dissolved (electrode)

Absorbable organic halides (AOX)

Total organic halogens (TOX)

Phenol, total recoverable (direct)

Phenols, total recoverable (chloroform
extraction)

ROUTINE
CONTAINER
BOD Bottle G

BOD Bottle G

500-ml anib G

500-ml amb G

125-mL amber G

500-ml amb G

CHEMICAL
PRESERVATIVEfl)

HACH DO reagent powder pillows

none

2mL 1:1 nitric acid

2mL 1:1 sulfuricacid

ImL 1:1 sulfuric acid

2mL 1:1 sulfuricacid

HOLD TIME

analyze ASAP

analyze ASAP

28 days

28 days

28 days

28 days

MINIMUM VOLUME
REQUIRED

full BOD bottle

full DOD bollle

lOOml,

100ml,

50mL

300mL

PARAMETER

Oil and Grease (gravimelric) (418.2)
Hexane Extractable Materials (1 1EM)
(1664)
Total petroleum hydrocarbons and oil and
grease by IR (4 18 1)
Surfactants

ROUTINE CONTAINER

500-mLorl-LGIass(l)
1 -L Glass (1)

125-mlambG(l)

500-mL P

CHEMICAL
PRESERVATIVE^
2mL 1:1 sulfuricacid
2mL 1:1 sulfuricacid

2mL 1:1 sulfuricacid

none

HOLD TIME

28 days
28 days

28 days

48 hours

MINIMUM VOLUME
REQUIRED

I-L
1-1.

125ml.

lOOmL
(1) The entire contents of each container must be used for analysis.
(2) Containers should be iced at time of collection in addition to the chemical preservation
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ANALYSED/CONTAINERS FOR SOILS AND SOLIDS -General Chemistry
PARAMETER

Ammonia
BOD
Bromide (1C)
COD
Chloride (atitonnalyzer)
Chloride (1C)
Cyanide, total and amenable to chlorination
Cyanide (CLP ILMO 2. 1/3.0/4.0)
Cyanide, reactive
Fluoride (electrode)
Fluoride(IC)
Hydrogen ion
KJeldah] (TKN) and organic nitrogen
Mitrate (autoanalyzer)
Nitrate (1C)
Nitrite (colorimetric)

Nitrite (1C)
Organic Carbon
Orthophosphale
'hosphorus, total
Specific Conductance
Sulfale (turbidimetric)
Sulfate(IC)
Residue, total
Residue, volatile (VSS)
Sulfide
Sulfide, reactive
Surfactants

ROUTINE CONTAINER

250-mL P
500-ml P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P

CHEMICAL
PRESERVATIVE(l)

none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none

, none
none
none
none
none
none
none
none
none
none
none
none

Hold Time

28 days
2 days

28 days
28 days
28 days
28 days
14 days

12 days (2)
14 days
28 days
28 days

Analyze ASAP
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days

MINIMUM WEIGHT
REQUIRED

lOg
l()0g
lOg
lOg
lOg
Iftg

IB
'8

IOmL/IOg
lOg
lOg
lOg
lOg
lOg
lOg
10g
lOg
lOg
lOg
l()g
lOg
lOg
l()g
lOg
lOg
I0g
lOg
l()g

(1) Containers should be iced at time of collection.
(2) Tlie hold time for CLP methods is measured from the date of receipt into the laboratory.
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ANALYSES/CONTAINERS FOR SOILS AND SOLJPS-General Chemistry '
PARAMETER

Extractable organic halogens (EOX)

Phenol, total recoverable (direct)

Phenols, total recoverable (chloroform
extraction)

ROUTINE
CONTAINER

125-mL amber G

125-mL amber G

125-mL amber g

CHEMICAL
PRESERVATIVE(l)

none

none

none

HOLD TIME

28 days

28 days

28 days

MINIMUM WEIGHT
REQUIRED

lg

5g

5g

(1) Containers should be iced at time of collection.

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-General Chenmtry/Eitractlon Lab
PARAMETER

Oil and Grease (gravimetric)
Total petroleum hydrocartwis and oil and
grease by IR

ROUTINE CONTAINER

250-mL or 500-mL amb G
250-mL or 500-mL amb G

•CHEMICAL
PRESERVATIVE(l)

None
None

HOLD TIME

28 days
28 days

MINIMUM WEIGHT
REQUIRED

30g
30g

(1) Containers should be iced at time of collection.

CONTAINERS FOR LIQUIDS AND SOILS^eneral Chemistry
PARAMETER

Nitrocellulose (water)
Nitrocellulose (soils)

ROUTINE CONTAINER

1-LambG
500-mL amb G

CHEMICAL
PRESERVATIVE(I)

None
None

HOLD TIME

7 days/40 days(2)
40days/l day(2)

MINIMUM VOLUME
REQUIRED

I-L
IflOg

(1) Containers should be iced at time of collection in addition to Uie chemical preservation
(2) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 diiys of collection and Ihc cxlnicl must U:
analyzed within 40 days of the date of extraction.
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ANALYSES/CONTAINERS FOR LIQUlDS-Metals
PARAMETER

Mercury

Metals (except Hexavalent Chromium and
Mercury)
Mercury
CLP ILMO 2. 1/3.0/4.0
Metals
CLP ILMO 2. 1/3.0/4.0
Hexavalent chromium
Ferrous Iron (colorimetric)

ROUTINE CONTAINER

250-ml P or
500-mL P

250 ml P or
500-mL P

250-ml P or
500-mL P

250 ml P or
500-mL P
250-ml P
250-ml P

CHEMICAL PRESERVATIVE

ImL 1 nitric acid
2mL 1 nitric acid
ImL 1 nitric acid
2mL 1 nitric acid
1 mL 1 nitric acid
2mL 1 nitric acid
ImLl nitric acid
2mL 1 nitric acid

none
1 mL 1:1 hydrochloric acid

HOLD 11ME

28days(l)

6 months

26days(l,2)

6 months(2)

1 day
analyze ASAP

MINIMUM VOLUME
REQUIRED

SOinL

5()mL

SOinL

50mL

lOml.
25mL

(1) Containers should be iced at lime of collection in addition to the chemical preservation.
(2) The hold time for CLP methods is measured from the date of receipt into the laboratory.

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-Metals
PARAMETER

Mercury
Metals (except Chromium VI and
Mercury)
Mercury
CLP ILMO 2. 1/3 .0/4.0
Metals
CLP ILMO 2.1/3.0/4.0
Hexavalent chromium

ROUTINE CONTAINER

250-mlPor500-mLP
250mlPor500-mLP

250-ml P or 500-mL P

250 ml P or 500-mL P

250-ml P or 500-mL P

CHEMICAL PRESERVATIVE

none(l)
none(l)

none(l)

none(l)

None(l)

HOLD TIME

28 days
6 months

26 days (2)

6 months

30 day/ 7 days (3 )s

MINIMUM WEIGHT
REQUIRED

5g
5g

5g

5g

lOrnl ,
(1) Containers should be iced at time of collection.
(2) The hold time for CLP methods is measured from the date of receipt into the laboratory.
(3) The digestion must be completed within 30 days and the alkaline digestate must be analyzed within seven days of the digestion.
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ANALYSES/CONTAINERS FOR LIQUTPS-VOC by GC
PARAMETER

Piirgeable Halocarbons by GC
(502.2,601,8010,8021)
Purgeable Aromatic Hydrocarbons by GC
(502.2,602,8020,8021)
Halocarbons and Aromatics (502.2,
601/602,8010/8020,8021)
Acrolein & acrylonitrile (603)
VOCby8015B-VOC
GRO/petroleum products by 8015R
Alcohols by 80 15B(DAI)
Glycolsby8015B(DAI)
Solvents by 80 1 SB (DAI)
Methanol and otlier SolventsfNCASI)
Dissolved Gases in water (FID)
Dissolved Gases in water (TCO)

ROUTINE CONTAINER

3 x 40-ml G

3 x 40-ml G

3 x 40-ml G

3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G

CHEMICAL
PRESERVATIVE(l)

0.3mL 1:1 hydrochloric acid (2)

0.3mL 1:1 hydrochloric acid (2)

0.3ml, 1:1 hydrochloric acid (2)

none
0.3mL 1:1 hydrochloric acid (2)
0.3mL 1:1 hydrochloric acid (2)

none
none
none
none

0.3mL 1:1 hydrochloric acid
none

HOLD TIME (3)

14 days

14 days

14 days

3 days
14 days
14 days
14 days
14 days
14 days
28 days
14 days
1 4 days

MINIMUM VOLUME
REQUIRED

40mL

40ml.

40mL

40mL
40ml,
40mL
40mr,
40mL
40ml,
40mL
40mL
40ml,

(1) Containers should be iced at time of col ection in addition to the chemical preservation
(2) If (he sample is chlorinated, sodium thiosulfate is added to die vials prior to shipment or is added the time of collection to destroy residual chlorine.
(3) The hold time for VOC is 7 days if the samples are not preserved with HCI at the time of collection

ANALYSES/CONTAINERS FOR LIQUIfiS-VOC by GC/MS
PARAMETER

Volatiles by GC/MS (524.2, 624,
8240/8260)
Volatiles by Isotope Dilution (1624)
Volatiles by CLP 3/90 and 10/92

ROUTINE CONTAINER

3 x 40-ml G

3 x 40-ml G
3 x 40-ml G

CHEMICAL
PRESERVATIVE(l)

0.3mL 1:1 hydrochloric acid (2)

0.3mL 1:1 hydrochloric acid (2)
0.3mL 1:1 hydrochloric acid (2)

HOLD TIME (3)

14 days

14 days
10days(4)

M I N I M U M VOLUME
REQUIRED

40mL

•lOniL
tOmL

(1) Containers should be iced nl lime of collection in addition to the chemical preservation
(2) If the sample is chlorinated, sodium Ihiosulfate is added to the vials prior to shipment or is added the time of collection to destroy residual chlorine
(3) The hold lime for VOC is 7 days if tlie samples are not preserved with HCI at the time of collection
(-1) The hold time for CLP methods is measured from the date of receipt into the laboratory.
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ANALYSES/CONTAINERS FOR SOILS AND SOLIDS- VOC by VG/VM
PARAMETER

Purgeable Halocarbons by GC
(8010,8021)
Purgeable Aromatic Hydrocarbons by GC
(8020,8021)
Halocarbons and Aromatics
(8010/8020,8021)
GRO(8015B)

VPH (Ma Method)
Volatiles by GC/MS (8260)

Volatiles by GC/MS
CLP 3/90

ROUTINE CONTAINER

2 x 5-g Encore plus
125-mLG amber

2 x 5-g Encore phis
125-mLG amber

2 x 5-g Encore plus
125-mLG amber

2 x 5-g Encore plus
125-mLG amber
2 x 25-g Encore

2 x 5-g Encore plus
125-mLG amber
125-mLG amber

CHEMICAL
PRESERVATIVE(l)

5mL 5% sodium bisulfate solution
or frozen in water (2)

5mL 5% sodium bisulfate solution
or frozen in water (2)

5mL 5% sodium bisulfate solution
or frozen in water (2)

5mL 5% sodium bisulfate solution
or frozen in water (2)

None
5mL 5% sodium bisiilfale solution

or frozen in water (2)
None(l)

HOLD TIME (3)

14 days
7days
14 day
7 days
14 days
7 days
14 days
7 days

(5)
14 days
7 days

10 days (4)

MINIMUM WEIGHT
REQUIRED

1 5-g Encore plus 125-mL
hulk

1 5-g Encore plus 125-mL
bulk

1 5-g Encore plus 125-mL
bulk

1 5-g Encore plus 125-mL
bulk
25g

1 5-g Encore plus 125-mL
bulk
25g

( 1 ) Containers should be iced at lime of collection.
(2) The sample must be preserved with sodium bisulfate within 48 hours of collection if not preserved in the field. If the sample contains high levels of carlxmates that prevents Hie use of

sodium bisulfate, (he sample may be frozen in reagent water within 48 hours of collection.
(3) The hold time for VOC is 48 hours if the samples are not preserved with sodium bisulfate or frozen in water within 48 hours of collection
(4) The hold time for CLP methods is measured from the date of receipt into the laboratory.
(5) Samples for VPH must be extracted with methanol within 48 hours of collection (ImL methanol per gram of sample). The extract must be analyzed within 28 days of collection.
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ANALYSES/CONTAINERS FOR LIQUlDS-Semivolatiles by GC
PARAMETER

Microcxtractables (504/801 1 )

Pesticides (505, 618)

Phenols GC(604,8041)
Benzidines(625,8270C)
Phthalate esters (606/806 1 )
Nitrosamines(607/8071 )
Chlorinated Pesticides (508, 608, 608. 1 , 608.2,
617,645,8080/8081)
Chlorinated pesticides and PCBs as Aroclors
(8081/8082)
PCBs (608/8080/8082) as Aroclors or Congeners
Chlorinated pesticides and PCBs as Aroclors
CLP 3/90 and 10/92
Nitroaromatics & isophorone
(609/8091)
PAHs(610/8100)
Haloethers(611/8111)
Chlorinated hydrocarbons (612/8121)
Organophosphorons Pesticides
(507,614/614.1,622/622.1,8141)
Chlorinated Herbicides (5 1 5,6 1 5/81 5 1 )
Triazine Pesticides (6 1 9/620)
Nitroaniline Pesticides (627)
Organonitrogen Pesticides (633)
Thiocarbamate Pesticides (634)
Petroleum hydrocarbons/EPH/DRO (801 5D)

ROUTINE
CONTAINER

3x40-mlG

3 x 40-ml O

2 x 1-LambG
2 x I - L a m b G
2x l -LambG
2 x 1-LambG
2x 1-LambG

2 x 1 -L amb G

2x 1-LambG
2 x 1-LambG

2 x 1-LambG

2x 1-LambG
2 x 1-LambG
2x 1-LambG
2x 1-LambG

2x 1-LambG
2 x 1-LambG
2 x 1-LambG
2 x 1-LambG
2x 1-LambG
2 x 1-LambG

CHEMICAL
PRESERVATIVE(l)

0.3mL 1:1 hydrochloric acid (2)

none (2)

none (2)
none (2)
none (2)
none (2)
none (2)

none (2)

none (2)
none (2)

none (2)

none (2)
none (2)
none (2)
none (2)

none (2)
none (2)
none (2)
none (2)
none (2)
none (2)

HOLD TIME

28 days

7 days

7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40 days (3)

7days/40 days (3)

7days/40days(3)
5 days/40 days (3,4)

7days/40 days (3)

7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40 days (3)

7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40days(3)

MINIMUM VOLUME
REQUIRED

40mL

40mL

I-L
1-L
I-L
1-1,
1-L

I-L

1-1,
1-L

1-L

1-.
1- ,
I- ,
1 .

1- ,
1-,
I- ,
1- ,
I - .
1- ,

(1) Containers should be iced at time of collection in addition to (lie chemical preservation
(2) If the sample is clilorinated, sodium thiosulfatc is added to the vials prior to shipment or is added the lime of collection to destroy residual chlorine.
(3) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place williin 7 days of collection niul Ihe extract must Ix;
analyzed within 40 days of the date of extraction.
(4) The hold time for CLP methods is measured from the date of receipt into the laboratory.
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ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-SemlVolatilM by GC
PARAMETER

Phenols GC(804I)
Phthalale esters (8061)
Nitrosamines(8071)
Chlorinated/ Pesticides (/8080/8081 )
PCBs (8080/8081)
Chlorinated Pesticides and PCBs as Arclors
CLP 3/90
Nitroaromatics & isophorone
(8091)
PAIIs(8IOO)
Haloethers(8lll)
Chlorinated Iiyclrocarbons(8l2l)
Organophosphorous Pesticides
(8141)
Chlorinated Herbicides (8151)
'etroleum hydrocarbons/EPH/
DRO(8015B)

ROUTINE CONTAINER

250-mI or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G

250-ml or 500-mL G

250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G

250-ml or 500-mL G
250-ml or 500-mL G

CHEMICAL
PRESERVATIVES

none
none
none
none
none
none

none

none
none
none
none

none
none

HOLD TIME

14days/40days(2)
14days/40 days (2)
14days/40days(2)
14days/40days(2)
14days/40 days (2)

10days/40 days (2,3)

Hdays/40 days (2)

14days/40 days (2)
14days/40days(2)
14days/40days(2)
I4days/40days(2)

14days/40days(2)
14days/40days(2)

MINIMUM WEIGHT
REQUIRED

30g
30g
30g
30g
30g
30g

30g

30g
30g
30g
30g

30g
30g

(1) Containers should be iced at lime of collection in addition to the chemical preservation
(2) The first number is (he hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and (he extract must l>c
analyzed within 40 days of the date of extraction.
(3) The hold time for CLP methods is measured from the date of receipt into the laboratory.
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ANALYSES/CONTAINERS FOR LIQUIDS-Setiilvolaliles by GC/MS
PARAMETER

Base/Neutrals/Acids by GC/MS
(525.625/8270)
Dase/Neutrals/Acids by GC/MS
CLP 3/90 and 10/92
Dioxins and Furans (1613/8280/8290)
2,3,7,8-TCDD(613)
PCB Congeners (680)
Chlorinated Phenolics (1653)

ROUTINE CONTAINER

2x 1-LambG

2xl-LambG

2 x 1-LambG
2x 1-LambG
2 x 1-LambG
2 x 1-LambG

CHEMICAL
PRESERVATIVE(l)

none (2)

none (2)

none (2)
none (2)
none (2)

2mL 1:1 siilfuric acid(2)

HOLD TIME

7days/40 days(3)

5 days/40 days(3,4)

30days/45 days(3)
7days/40 days(3)
7days/40 days(3)
30days/30days(3)

MINIMUM VOLUME
REQUIRED

1-L

1-L

1-L
1-L
1-L
1-L

(1) Containers sliould be iced at time of collection in addition to llie chemical preservation
(2) If the sample is chlorinated, sodium thiosulfate or ascorbic acid is added to the vials prior to shipment or is added the time of collection lo destroy residual chlorine.
(3) 'Pie first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place wilhin 7 dnys of collection and (lie exlraci must l>e
analyzed within 40 days of the date of extraction.
(4) The hold time for CLP methods is measured from the date of receipt into the laboratory.

ANALYSES/CONTAINERS FOR SOILS AND SOLIPS-Semlvolfltiles by GC/MS
PARAMETER

Base/Neutrals/Acids by GC/MS
(625/8270)
nase/Newtrals/Acids by GC/MS CLP
3/90
Dioxins and Furans (8280)

ROUTINE CONTAINER

250-mL or 500-mL amb G

250-mL or 500-mL amb G

250-mL or 500-mL amb G

CHEMICAL
PRESERVATTVE(l)

none

none

none

HOLD TIME

7days/40 days (2)

10 days/40 days (2,3)

30days/45days(2)

MINIMUM WEIGHT
REQUIRED

30g

30g

30g
(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) Tlie first number is the hold tune until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and (lie exlract must IK-
analyzed within 40 days of (he date of extraction.
(3) The hold time for CLP methods is measured from the date of receipt into the laboratory.
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CONTAINERS FOR LIQUIDS-Liquid <
PARAMETER

N-Methylcarbamoxyloximes &
N-Mcthylcarbamales (531)
Olyphosate (547)

Endothall (548)
Diquat and Paraquat (54 9.1)

llexachlorophene and Dichloropliene
(604.1)
Cyanizine (629)
Benomyl (as Carbendazim) (63 1 )
Carbanwle & Urea Pesticides (632)
Rotenone (635)
Bensulide (636)
Oryzalin(638)
Beniocarb (639)
Benlazon (643)
Picloram (644)

PAHs(610/8310)

Carbonyl Compounds (acetaldehyde and
formaldehyde) (83 15)
Acrylamide(83l6)
N-Melhylcarbaniates (83 1 8)

^itroaromatics and Nitramines (explosive
residues) (8330)

^hromttoRraphy
ROUTINE CONTAINER

125-mlambG

125-mlambO

1-LambG
500-niL high density ,foil

wrapped PCS with Teflon-
lined cap

2 x 1-L amb G

2x -LambG
2x -LambG
2x -LambG
2 x -L amb G
2 x -L amb G
2 x -L amb G
2 x -L amb G
2 x -L amb G
2 x -L amb G

2 x 1-L amb G

2 x 125 ml amb G

125 ml amb G
2 x 125 ml amb G

2 x 1-LambG

CHEMICAL
PRESERVATIVE(l)

monochloroacetic acid to
pH<3
None

None
sulfuric acid to pH<2

None

None
None
None
None
None
None
None
None
None

none(2)

None

None
Monocloroacelic acid to

pH<3
None

HOLD TIME

28 days

14 days
^18 months if frozen)

7 days/ 14 days
7days/21 days (3)

7days/40days

7 days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 30 days
7 days/ 30 days

7 days/ 40 days(2)

3 days/3 days

7 days
7 days/ 40 days

7 days/ 40 days

MINIMUM VOLUME REQUIRED

lOmL

lOml.

lOOmL
75mL

1-L

-L
-I,
-L
-L
-L
-L
-L
-L
-L

1-L

lOOinl.

10ml.
lOOinl,

1-L
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CONTAINERS FOR LIQUIDS-Liquid Chromatography
PARAMETER

Acrylic acid (SL SOP)
Asulam(SLSOP)
Cyanuric acid
Ethylenthiourea (SL SOP)
Maleic acid/inaleic anhydride
(SL SOP)
Phthalic acid/phlhalic anhydride
(SL SOP)
Thiodiglycol (SL SOP)

ROUTINE CONTAINER

40-mL G, Teflon septum
125-mlambG
125-mlambG
125-mlambG

40-mL G, Teflon septum

40-mL G, Teflon septum

125-mlambG

CHEMICAL
PRESERVATIVE(l)

None
None
None
None
None

None

None

HOLD TIME

7 days/ 40 days
21 days

Not specified
7 days/40 days
7 days/ 40 days

7 days/ 40 days

7 days/ 40 days

MINIMUM VOLUME REQUIRED

lOmL
SOniL
lOmL
lOmL
lOmL

lOmL

lOmF,

CONTAINERS FOR SOILS-Liqiiid Chromatography
PARAMETER

Benomyl (as Carbendazim) (631 )
Carbamate & Urea Pesticides (632)
Oryzalin (638)
Carbonyl Compounds (acetaldehyde and
formaldehyde) (83 15)
N-Methylcarbamales (83 18)
Nilroaromatics and Nitramines (explosive
residues) (8330)
Asulam (SL SOP)
Cyanuric acid
0 thylenthiourea (SL SOP)
Thiodiglycol (SL SOP)
Acrylamide(8316)
Acrylic acid (SL SOP)
Maleic acid/malcic anhydride
(SL SOP)
'lillialic acid/phthalic anhydride

(SL SOP)

ROUTINE CONTAINER

100-mLG
100-mL G
100-mLG
100-mL G

100-mLG
100-mL G

100-mL G
100-mLG
100-mLG
100-mLG
100-mLG
100-mLG
100-mLG

100-mLG

CHEMICAL
PRESERVATIVES

none
none
none
none

none
none

none
none
none
none
none
none
none

none

HOLD TIME

14days/40days(2)
14days/40days(2)
14days/40days(2)
3 days/ 3 days(2)

7 days
14 days

14 days
Not specified

14 days
14 days
14 days
14 days
14 days

1 4 days

MINIMUM VOLUME REQUIRED

20g
30g
30g
20g

lOg
20g

2B
5g
2c
28
2g
2g
5g

5e
(1) Containers should be iced at time of collection in addition to the chemical preservation
(6) The first number is the hold lime until the extraction, the second time is the hold time for the extract; i.e., the extraction must take place within 7 d;iys of collection and (lie extract must lie

analyzed within 40 days of the date of extraction.
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PARAMETER

PAHs(8310)
Carbonyl Compounds (formaldehyde)

ROUTINE CONTAINER

2x 1-LambO
2xl25mlambG

CHEMICAL
PRESERVATIVE*!)

none
none

HOLD TIME

14days/40 days
3days/3days

MINIMUM WEIGHT
REQUIRED

30g
10g

(1) Containers should be iced at time of collection.
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CONTAINERS FOR LIQUIDS-Radiologlcal Parameter?
PARAMETER

Radionuclides, alpha
Radiomtclides, beta
Radium (total as Radium 226)
Radium 226
Radium 228
Tritium

ROUTINE CONTAINER

1-LP
1-LP
4-LP
4-LP
4-LP
1-LP

CHEMICAL PRESERVATIVE

nitric acid to pH<2
nitric acid to pH<2
nitric acid to pH<2
nitric acid to pH<2
nitric acid to pH<2

none

HOLD TIME

6 months
6 months
6 months
6 months
6 months
6 months

MINIMUM VOLUME
REQUIRED

1-LP
1-LP
4-LP
4-L P
4-LP
1-LP

ANALYSESyCQNTAINERS FOR LTQUIDS-Microbiological
PARAMETER

Coliform, fecal and total
(in drinking water)
Coliform, fecal and total

Fecal streptococci

Bacteria plate count

Chlorophyll

ROUTINE CONTAINER

2 x 250-mL sterile Nalgene or
sterile Whirl-paks

2 x 250-mL sterile Nalgene or
sterile Whirl-paks

2 x 250-mL sterile Nalgene or
sterile Whirl-paks

2 x 250-mL sterile Nalgene or
sterile Whirl-paks

125-mLambG

CHEMICAL
PRESERVATFVE(l)

0.2ml, 10% sodium thiosulfate

0.2mL 10% sodium thiosulfate

0.2mL 10% sodium thiosulfate

0.2mL 10% sodium thiosulfate

none

HOLD TIME

30 hours

6 hours

6 hours

6 hours

NA

MINIMUM VOLUME
REQUIRED

lOOmL

lOOmL

lOOmL

inOtnL

!25mL
(1) Containers should lie iced at time of collection in addition to the chemical preservation
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ANALYSES/CONTAINERS FOR HAZARDOUS WASTE PARAMETER TESTING
PARAMETER

TCLP
SPLP
Cyanide, reactive
Sulfide, reactive
[gnilability
Corrosivity (pH)
Conosivily (to steel))

ROUTINE CONTAINER

500-mL G
500-mLG

250-mL P,G
250-mL P,G
250-mL G
250-mL G
250-mL G

CHEMICAL
PRESERVATIVE(I)

none
none
none
none
none
none
none

HOLD TIME

14 days(2)
14 days(2)

14 days
7 days

NA
analyze ASAP

NA

MINIMUM WEIGHT
REQUIRED

100g(3)
100g(3)

lOg
lOg

50inL/50g
5g

K)OniL/100g
(1) Containers should be iced at lime of collection in addition to the chemical preservation
(7) The hold time is the maximum time until die leaching procedure is performed; after leaching, the routine liquid hold times apply.
(8) If the TCLP or SPLP samples is a liquid, a minimum volume of 1L should be requested to support the various analyses. The following are the minimum volumes of liquid sample or Icnchate

to report the target analytes at the CQAP limits and below the regulatory threshold limits:

ANALYSIS
Base/neutrals/acids (8270)
Chlorinated pesticides (808 1 )
Chlorinated herbicides (8151)
Metals (6010)
Mercury (7470)
Volatiles(8260)

Minimum Volume of Leachate or liquid sample required
200mL
20mL
20mL
20mL
1 .OmL
40mL

ANALYSES/CONTAINERS FOR WIPES
PARAMETER
Chlorinated Pesticides and PCBs
Chlorinated Herbicides
Phenols
Phthalate esters
PAHs
Explosives
Volatiles
Metals (except mercury)
Vlercury s

ROUTINE MEDIA
2" x 2" gauze
2" x 2" gauze
2" x 2" gauze
2" x 2" gauze
2" x 2" gauze
2" x 2" gauze
2" x 2" gauze
2" x 2" gauze
2" x 2" gauze

WIPE SOLVENT
Hexane

Methanol
Methanol
Hexane

Melhanol
Methanol

purge and trap methanol
Acetic acid solution
Acetic acid solution

. VIAL
Glass
Glass
Glass
Glass
Glass
Glass
Glass
Plastic
Plastic

MINIMUM REQUIRED
1 gauze
1 gaii7.c
1 gauze
1 gauze
] gaii/e

1 gaii/e
1 gnii/.c
1 gauze
1 gauze
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ANALYSES/CONTAINERS FOR AIR SAlVfPLES
PARAMETER

Volatile;
TOIATO2 VOC by Thermal Desorption

TO 14 VOC

RPA18 (VOC and other gases collected in
Tedlar Dags)
EPA18 VOC

Semivolatiles
TO4 Pesticides and PCBs (High Volume
Sampler)
TOIO-Pesticides and PCBs (Low Volume
Sampler)
TOn-Selecled BNA (High Volume
Sampler)
TOI 3-Selecled BNA (Low Volume
Sampler)
NIOSH/OSHA
Melhanol
Acid anions-Cl, F, NO3, SO4
VCX: (Aromalics- NIOSH 1 501/OSHA 07)
VOC (Halogenated-NIOSH 1003/
OSHA07)
PAH (NIOSH 5501)

Metals by 1CP (NIOSH 7300/Osha ID- 125)

Metals by GFAA

ROUTINE MEDIA(l)

Sorbent Tube
(Carbotrap 300)
Summa Canister

Tedlar Bag

"Shaving Cans"

PIJF

PUF

PUF/Resin

PUF/Resin

Silica Gel
Silica Gel
Charcoal
Charcoal

Resin

Filter

Filler

PRESERVATIVE

None(2)

None
(Do Not Ice)

None
(Do Not Ice)

None
(Do Not Ice)

None(2)

None(2)

None(2)

None{2)

None(2)
None(2)
None(2)
None(2)

None(2) Protect from heat and UV
light
None

None

HOLD TIME

30 days

30 days

3 days

30 days

7 days/40 days

7 days/40 days

7 days/40 days

7 days/40 days

6 Weeks
21 days
2 weeks

Not specified
(14 days)

Not specified
(14 days)

Not specified
(180 days)

Not specified
(180 days)

MINIMUM VOLUME
REQUIRED(3)

As received
(1L max volumeX4)

As received

As received

1 win

As received

As icceived

As received

As received

1 hler
1 liters
5 lilcrs
15 liters

200 liters

1250 liters

12 50 lilcrs

(1) Media may be purchased directly from the vendor
(2) No chemical preservative is required. Samples are iced at the time of collection and maintained at method-specified temperature until extraction and analysis.
(3) The qiiantitation limit will lie calculated from the volume of sample-Supplied. The minimum volume for the NIOSH/OSHA methods is (lie minimum volume that cmi be sampled to meet the

threshold limits. The maximum volume for a sorbent tune is I .OL (lOOOmL). This is below "breakthrough" volume of the more volatile gases (e.g., vinyl chloride)
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7.0 SAMPLE CUSTODY

7.1 Sample Custody Objectives

The primary objective of SL's sample chain-of-custody procedures is to provide accurate, verified, and
traceable records of sample possession and handling from sample container shipment through laboratory
receipt and sample disposition.

Evidence of documentation of sample collection, shipment, laboratory receipt and custody is accomplished
utilizing a chain-of-custody record (Figure 7.1). A sample is considered in custody if it is:

in actual possession of the sampler or transferee
in view after being in physical possession of the sampler or transferee
sealed so that sample integrity will be maintained while in possession of the sampler or
transferee
in a secured area, restricted to authorized personnel.

7.1.1 Custody Record Maintenance

Field and laboratory records, including copies of the chain-of-custody forms and associated field
documentation, are maintained in a secure area with other project records. All field and laboratory data are
reported in bound notebooks and entries are made in waterproof ink. Field and laboratory data entry errors
are deleted with a one-line strike through the error. Correction tape or other substances designed to
obliterate documentation are strictly prohibited in the laboratory or custody areas. The correction is
initialed and dated by the sampling or analytical staff member making the change. Field and laboratory
information is documented on prepared forms. All forms for recording field and laboratory data include
spaces for data and initials which must be completed by the data recorder. Field and laboratory
documentation not recorded on prepared forms is also dated and initialed

7.2 Sample Custody Procedures

All samples are received by the custody technician using custody procedures detailed in SL SOP CU01:,
Receipt, Log Number Assignment, and Distribution of Field Samples. The procedures for the preparation of
sampling kits are described in SL SOP CU15: Preparation of Sampling Containers.

7.3 Laboratory and Field Custody Procedures <

The following procedures apply to the custody activities observed by Savannah Laboratories during sample
or legal custody procedures.

7.3.1 Selection and Preparation of Sample Containers Supplied to a Client of Sampling Team

Sample containers provided by SL are constructed from EPA-designated materials and contain EPA-
prescribed preservatives. If requested, an SL (Figure 7.2) or client supplied identification label is affixed to the
container. In order to monitor container temperature, a 100-mL plastic container labeled "Container
Temperature- For Laboratory Use Only" is pre-filled with tap water and supplied with each sample shipment
to monitor sample temperature upon receipt

Pre-deaned sample containers are purchased by Savannah Laboratories. Containers from each lot are pre-
certified in-house prior to use in accordance with SL SOP CU35: Procedure for Contaminant-Free
Containers.
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7.3.2 Chain of Custody Documentation, Traceability, and Sample Integrity

Formal chain-of-custody procedures are initiated by a custody technician who is responsible for
organization and relinquishment of sample containers to the client or field personnel.

All field information must be properly recorded on the chain-of-custody form. Proper completion of the
form is the responsibility of \hzfield sampling manager or client and is requested prior to the
relinquishment of the samples. If the site location is different from the client address, the site location is
recorded in the "Project Name" space on the chain-of-custody form, or on the right hand side of the form if
additional space is required. The sample identities assigned in the field are recorded in the "Sample
Identification" column. Common carriers may identify themselves by signing the "Relinquished By" space
on the chain-of-custody form.

For samples transported from the field to the laboratory by common carrier, chain of custody is maintained.
Completed custody forms must accompany each sealed cooler, and are placed in a plastic bag and taped to
the inside lid of the cooler. At the client's request, coolers are sealed in the field with the SL Custody Seal
(Figure 7.3) or custody tape by the field sampling team to ensure that tampering will be immediately
evident. A unique identification number is recorded on the seal and accompanying chain-of-custody form
with waterproof ink

The custody technician is responsible for the inspection of shipping containers upon laboratory receipt for
overall integrity and to ensure that the contents have not been altered or tampered with during transit. If
tampering is apparent, the sample receipt custodian immediately contacts the assigned project manager
who is responsible for client notification. Any problem or abnormality detected is documented on an
Anomaly Report (Figure 7.4), which is completed by the sample custody technician. Any corrective action
required by the client is also documented

If shipping containers arrive intact, they are immediately opened by the custody technician in the receiving
area, and the chain-of-custody form and temperature container removed for inspection. Container
temperature upon receipt is documented in a bound sample registry (Figure 7.5), or if requested by the
client, documented on the chain-of-custody form.

7.3.3 Field Custody

When sample collection is performed by Savannah Laboratories, the SL field sampling manager is
responsible for ensuring that chain-of-custody procedures for all sampling events are properly documented.
The custody forms and login procedures follow the protocol outlined in Section 7.3.

Prior to field sampling, it is preferable to place waterproof sample labels on each sample container and
complete each sample label with as much information as possible in waterproof ink Field sampling
technicians are responsible for ensuring that labels are complete. Each sample is identified in the field by a
unique alphanumeric designation on the label.

Adequate sample identification information included on each container label must be included on all field-
generated records including: permanent field notebook, individual well log, groundwater elevation form,
and chain-of-custody form. This field documentation demonstrates traceability of the containers and
samples and links all ancillary records to specific sampling events.
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Each sample is packed to ensure against leakage and breakage and to maintain individual sample integrity.
All glass containers are secured individually with bubble wrap. All VOA sample vials are wrapped in
bubble bags. Plastic bags are supplied by SL to hold ice necessary to maintained the samples at less than
6°C during transit An attempt should be made by the field sampling team to precool samples to 4CC prior
to packing the sample cooler for shipment. Additional information regarding sample containers can be
found in Section 6.0 and the appropriate SL SOPs.

When applicable to the site, the following information is documented by the field technicians in the bound
field notebook. This field documentation is reviewed, approved, and initialed by the field sampling
manager prior to client submission.

Site location
Date/time of sampling
Sample identification (including specific location)
Sample sequence number
Site conditions
Weather conditions
Description of QC samples collected
Names of personnel/visitors
Sampling/purging equipment used
Field analysis data
Field documentation techniques
Well casing composition and diameter
Drilling/boring method
Drilling well type/name
Water table and well depth
Purge volume calculations
Volume of water purged
Date/time of purging
Analytical data to monitor stabilization of well
Use of fuel powered units
Plumbing/tap material construction
Purging flow rate
Purging time
Flow rate at sampling collection
Depth samples taken <
Beginning/ending time for composite sampling
Depth soil samples taken
Soil sampling technique used
Type/description of drums
Phases sampled in drums
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7.3.4 Sample Documentation, Identification, and Login

A sequential identification number is assigned by division to the project and recorded on the chain-of-
custody form, on each sample container submitted with the project and in the bound Sample Registry.
Accurate and complete sample documentation must be provided on the chain-of-custody form in order to
log samples into the sample registry. The sample registry includes all information necessary to maintain
chain of custody including laboratory ID, client (field) ID, and initials of the custody technician. Ancillary
information such as sample collection date and requested analyses is transferred from the chain-of-custody
form into the LIMS, and appears on the client project-specific acknowledgement.

Once the chain of custody is verified, the project identified by this unique number is logged into the
computerized LIMS (Figure 12.1) to transfer the desired work order request to the laboratory. The custody
technician checks each sample against the chain-of-custody form for discrepancies between information on
the sample label and information provided on the chain-of-custody form. The custody technician also
inspects all samples for leakage or obvious seal tampering (if provided). All samples are unpacked in a
well ventilated sample receipt area. Face shields are available to each sample receipt staff member for use
with any hazardous samples. Samples received in plastic containers which appear to be accumulating or
evolving gas are treated cautiously and inspected under a chemical hood because they may contain toxic
fumes or be of an explosive nature.

A space labeled "custody intact" provided on the chain-of-custody form is used to describe the sample
condition upon receipt A "Y" indicates no custody problem was identified and a "N" indicates samples or
container integrity was compromised and client notification and corrective action is required At client
request, a "Cooler Receipt Form" (Figure 7.6) can be completed to document custodial concerns at sample
login.

Discrepancies noted by the custody staff are transmitted to the project and sample manager and are
resolved with the client prior to laboratory work assignment Discrepancies are documented on the
Anomaly Report The project manager and the custody department staff should attempt to resolve custody
discrepancies expeditiously to avoid holding time compromises. After a decision concerning a sample has
been made, the project manager or sample manager makes an initialed note on the original custody form
which states person notified, time, date, and resolution, if applicable. This information is also documented
on the Anomaly Report. A faxed or hard copy of custodial resolutions or project order alterations should
be secured from the client prior to work initiation. Copies of this documentation are mailed to the client
and maintained in the client file.

i
7.3.5 Sample Preservation

After addition of the project sequential identification number, the samples are distributed to the appropriate
laboratory section sample storage areas. Color-coded dots and unique sample bottle types correspond to
specific analyses and are stored at designated sample storage areas throughout the laboratory sections.
Bound sample storage temperature logs are maintained for all sample storage refrigerators to assure proper
temperature maintenance throughout the analytical process.

The color code scheme for the various preservatives used in SL's sample containers is described in the,
Sample Container Request Form which is submitted to the client along with the sample containers. This
two-sided form is shown in Figure 7.7 and 7.8.
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When preservation is required, sample containers used by the SL field sampling team contain premeasured
portions of preservatives. Preservatives are obtained prior to each sampling event from parent stocks
assayed and maintained by the laboratory. The effectiveness of pH adjustment by addition of acid or base
to the samples is checked after sampling by pouring a small amount of the preserved sample into a small
specimen cup and testing with narrow range pH paper. Because of the risk of compromising sample
integrity, VGA samples cannot be checked in the field.

All samples received by Savannah Laboratories are checked for proper pH adjustment by the appropriate
preparation or analytical department as soon after receipt as possible. The pH of each sample is checked,
documented, and adjusted, if necessary.

7.3.6 Sample Security, Accessibility, Distribution, and Tracking

Only authorized personnel are permitted within the laboratory areas where samples are stored. Sample
storage areas are designed to segregate volatile and nonvolatile samples. Standards and extracts are also
departmentally controlled and stored separately.

After sample registry login and verification, samples are relinquished from the receiving area to the
appropriate sample analysis storage area. Transfer of samples from the sample receipt personnel to the
department is documented on the Sample Internal Custody Log (Figure 7.9). Interdivisional sample
custody is documented on the Remote Division Sample Internal Custody Log (Figure 7.10). Using LIMS-
generated sample preparation worksheets for guidance, samples are extracted, digested, or distilled as
appropriate. An example sample preparation log (Wet Chemistry Extraction Log) is shown in Figure 7.11.
The extracts, digestates, or distillates are then transferred and relinquished to the appropriate analysis
section, where analysis is performed. An example analysis log (Fluoride Analysis) is shown in Figure 7.12.
An example of a department-specific tracking form is shown in Figure 7.13 (BNA Extract Custody).

For projects where in-laboratory custody records are required by the client, the project manager and
custody department will coordinate the documentation of these records.

Sample holding times are tracked via the LIMS. Sample collection dates are routinely entered into the
LIMS with all sample logins. This information allows holding times specific to each department analysis
to be tracked by department managers, supervisors, chemists, and analysts through the use of daily status
sheets, reference sheets, and preparation worksheets. Date analyzed is recorded via instrument outputs or
analysis forms/logs when applicable as an integral part of the raw data. For projects in which reporting the
analysis or preparation date is appropriate, the dates are entered into the LIMS. '

7.3.7 Sample Disposition Documentation

Upon completion of analytical work, sample custody of unused sample portions, extracts, or digests is
relinquished to a central secured storage area Here the samples, digest, or extracts await disposal, which is
performed with the assistance of the LIMS. The LIMS stores clients' specific disposal instructions,
compiles results from the analyses of composited samples, prepares sample disposal lists, invoices for
disposal and sample return costs, and provides a disposal record for all excess samples.
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7.3.8 Interdivisional Custody

The laboratory director at each location monitors the sample load and turnaround time through LIMS-
generated reports. If it appears that analysis demand will exceed capacity, samples may be transferred
(provided client contracts or arrangements, project QA plans or certification limitations do not prohibit
sample transfer) to another SL division to ensure that holding times and turnaround commitments are met.
The procedures used by SL are described in SL SOP CU20: Interlaboratory Sample Exchange and are
summarized below.

If samples are transferred to another division laboratory, full custody is maintained. A completed and
signed fax of a Interdivisional Shipping Log (Figure 7.14 ) is sent to the receiving division custody
department. Special LIMS determination codes specific to each laboratory location are utilized to enable
the project manager and laboratory director to track sample progress and maintain chain of custody. Copies
of the original chain-of-custody form (executed for interdivisional sample submittal), computerized LIMS
order information (LOT), and extract or digest preparation logs pertinent to the project order accompany the
samples or sample preparations. The accompanying documentation also includes dates of sample
preparation and requested analyses. For projects where reporting the preparation or analysis dates/times are
entered into the LIMS so that it appears on the final report

7.4 Verification of Hard Copy Records

Data worksheets, data approval forms, and final reports are routinely printed for verification and signatures.
Hard copies of final reports, field data, chain-of-custody forms, and ancillary documentation pertinent to
the project will be stored in a secured storage area and placed chronologically within alphabetically
arranged client files.

7.5 Facility Security Policy

All external doors are either visually monitored by SL staff or kept locked. Visitors are required to sign in
and wear a visitor's badge during their visit and are accompanied at all times by an SL staff member when
in the laboratory. Lockable refrigerators and storage cabinets are available for samples requiring this level
of security.
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REI INOIIISIirnHY (SIGNATURE)

RECEIVEDBY (SIGNATURE)

DATE

DATE

TIME

TIME

RELINQUISHED BY (SIGNATURE)

RECEIVED BY -(SIGNATURE)

DATE

DATE

TIME

TIME

RELINQUISHED BY: (SIGNAHIRT)

RECEIVED BY (SIGNATIIRI )

DATE

DATE

I IMF

IIME

LABORATORY USE ONLY
RECEIVED FOR LABORATORY BY: (SIGNATURE) DATE TIME CUSTODY INTACT

DYES EH NO

CUSTODY SEAL NO. SL LOG NO LABORATORY REMARKS

o
I

T) (-) W ryi
& K 5 Rn, " a' g"
"•' O o' 3
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Client

Sample ID

Location

Analysis

Preservative

Collection Date/Time
Collected By
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OFFICIAL SAMPLE SEAL

SAMPLE ID
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SEAL NO. DATE TIME
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ANOMALY REPORT

Dale: Loe s: Sample ID: Client-

Dipt: __ "EX __ GH __ LC __ MH __ RA
Analysis: ', Resorted bv: '

_ cu _ SG _ sy. _ VG _ VM _ A: :

Anomaly : ;
C Sample matrix is different than indicated bv los- in. Lo%°ed in as 3est describe: as i

Water
Soil
Oil

D Sample was received with inadequate preservation, and w

D Sample received in an incompatible sample container. _
D MS/MSD failed while the LCS/LCSD passed criteria, for
D Target analyte(s) detected in drinking water sample. (Desc
D Sample exhibits gross non-homogeneity. (Describe below
D Insufficient sample received for analysis.
D Data flag may be needed. Discuss with DM/LM before re
Other

Water
Non-aquecus licuis
Soil

Sludge
Oil
Product
Other

is preserved upon receipt.

glass plastic other

i drinking water parameter. Method indicates data flaggine.
ribe below)

)

porting.

Custody: 'ALWAYS ATTACH A COPY OF COC WITH HIGHLIGHTED DEFICIENCY
D Sample description discrepancy between COC & Container D Custody seals broker,

D Sample container breakage D Incomplete COC ,

"~ D Cooler temp >6°C or frozen C Sample container partially filled

G Sample received not listed on COC D Improperly preserved sample

Comments:
Client Notified: DYes DNo
Contact:

Date:

Resolution:

Route to:
Division PM:

Other Div .PM: " SL ML NL FL TL 3L
- . _

FAN038:04.0S.97:3

55 L f*V*NN*H LABORATORIES
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: 5L LOG NO.

IME RECEIVED

3ATE RECEIVED

DELIVERED BY

C
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T ID

L n/m plastic

. n/m tmbtr glass w/TFE

500 mL m/m plastic

500 mL m/m amber glass

250 mL mlm plastic

250 mL m/m nalgww

125 mL nVm amber glass w/FTE

1 00 mL m/m plastic

40 mL vial w/TFE

Lw/m glass

Lw/m plastic

500 mL w/m glass

500 mL w/m plastic

.50 mL w/m plasltc

125 mL m/m amtwr glass w/FTE

1W mL w/m glass

250 mL m/m glass
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D
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N

AL SAM
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M
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N

CONTAINER TEMP.

NOTIFY CLIENT

LOGIN COMPUTER

DATE REPORTED
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COOLER RECEIPT FORM

Client:

SLLog£:

Project:

Date Received:

SL Cooler Receipt Custodian (Signature):

Use other side of this form to note details concerning custodial discrepancies

YES NO

Did a shipping slip (air bill, etc.) accompany the cooler shipment?

Were custody seals affixed to the outside of cooler? If YES, enter the following: Seal
Identification (if provided):________________________________

Were custody seals unbroken and intact at the date and time of arrival?

Were custody papers completed properly (ink, signed, etc.)?

10

Chain of custody associated with cooler receipt form.

Was wet ice/blue ice used? (Circle which media)

Cooler temperature upon receipt:

Describe type of packing in cooler (vermiculite, bubble pack, etc.).

Were sampling containers supplied by SL or client? (Circle which one)

Did all bottles arrive intact and were labels in sood condition?

11 Did all bottle labels agree with custody papers?

12 Were bubbles present in VOA samples?

13 Was the project manager notified of any custody discrepancies or excursions?

14

15

Was a custody excursion form completed and a copy provided to the project manager? If
so. complete No. 15.______________________________________
Who was contacted?

By whom:

Date:
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FIGURE 7.7

SAVANNAH LABORATORIES
& ENVIRONMENTAL SERVICES, INC.

5102 Laficcne Avenue • Savannah. GA 314G4 • (912) 354-7858 • Fax (912) 352-0165

Shipping Aa'oress-. ____________________________ Data of Shipment:

_____________________________ Method of Shipment:

Prcjec; Reference:

Project Site Location:
Phone No:

Account No:

SAMPLE CONTAINER REQUEST FORM
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: i PRESERVATIVES ^ .

Uab Pk Prep, by:

Lab-PK Checked by:

•'Ooendty:«f Let i PIU. . Shipped:
^j^p,:--.--"1:"--.;- :.• : . ; • . : : :
: Coordinator;, • • . - - - .

Cbfhniflnta: '-.-''••
'- "'^..-,^.'.''. '..'.- . '--':. .. : "?• ' ' - - : : - : ' ::;': '
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: . - : ..-; • • • - • - . . . . : . : . -... • — - - .,- - '••- ̂

'. ttOiOf GQNTAINERS SHIPPED,̂

NO. OFCONTAINERS/SAIvlPUg : .;

SET-{S) QF TRIP BLANK?- (3/SET4;;

.ANALYSIS '

It ii tha ihippar'i raipontibillty to tnturo umpiai ira maintilntd it tht tppropnite ttmparaturs during tnntit.

PRESERVATION COLOR CODE KEY

BLACK(BK) Contains Monocnioroicatic Acid. Avoid tkin and sya contact. If contact is m«ds, FLUSH IMMEDIATELY with watsr.
REDtRI CAUTIONI STRONG OXIOIZEHI CONTAINS NITRIC ACID. Avoid skin and ays eontict. >r contic: n msds. FLUSH

IMMEDIATELY with wster.
GREENIGI CAUTIONI CONTAINS SULFURIC ACID. Avoid tkln and aya contact. If contact is mtda, FLUSH IMMEDIATELY with wstar.
BLUE(B) CAUTIONI STRONG CAUSTIC! CONTAINS SODIUM HYDROXIDE. Avoid tkin and ays contict. If contac: Is rnada. FLUSH

IMMEDIATELY with watar.

WHITE(W) No prasarvstivas addaa.
ORANGEIO) No prasarvstivss addad.
TAN(T) Contains Zinc Acatata. Avoid ikin and aya contact. If contact is mada, FLUSH IMMEDIATELY w,tn watar.
YELLOWfY! Contains Sodium Thiosulfita.
LT.3LUEILB) CAUTIONI CONTAINS HYDROCHLORIC ACID. Avoid skin and sya contact. If contact is maos. FLUSH IMMEDIATELY

with watar.
DO NOT innala vaoors that may ba eausad from a chamical raaetlon batwaan tha graaarvativa and ismpla. Callac: lampia in s wall-vantilataa
araa or usa appropriate breathing apparatus. NEVER RINSE sample containers. If skin contact wrth preservative* occurs, flush exposed arees
IMMEDIATELY.
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GENERAL SAMPLING INSTRUCTIONS

DO NOT PRE-RJNSE CONTAINERS. These containers have been specially prepared for specific analyses (See Preservation Color Code
Key). Fill container to within 1" of capacity unless otherwise indicated, cap tightly, label and ice. Some requests require multiple
containers to perform all analyses. (See Sample Request Form on reverse side.)

LITER PLASTIC
No preservative n/m:
Red n/m:

LITER AMBER GLASS
No preservative n/m:

500 ML PLASTIC
.Blue n/m:
No preservative m/m:
Red m/m:

500 ML GLASS WrtTE
LL Blue m/m:
Green m/m:
Green m/m (amber):
No preservative w/m:
(Nonaqueous)

250 ML PLASTIC
No preservative w/m:
(Nonaqueous)
No preservative m/m:
Red m/m:
Green m/m:
Tan m/m:

250MLNALGENE
Yellow m/m:

125 ML AMBER GLASS W/TFE
Lt Blue m/m:
Green n/m:
No preservative m/m:

^Nonaqueous)

120MLPEASTIC
No preservative m/m:
Green m/m:

125 ML GLASS
No preservative w/m:
(Nonaqueous)

40 ML GLASS VIAL W^TE
Lt Blue n/m:

Orange n/m:
Yellow n/m:

Physical Properties, Miscellaneous General (BOD)
Radiological (Rad 226, Rad 228, alpha and beta)

Extractable Organics (BNAs, Pesticides/PC Bs, Herbicides), Dioxins/Dibenzofurans

Cyanide
Physical Properties, Miscellaneous, General
Metals with Mercury

Petroleum Hydrocarbons
Oil and Grease
TOX. Fill to capacity.
All Organics (excluding Volatiles), Inorganics, Physical Properties, General

Inorganics, Physical Properties, General (single parameter)

Physical Properties, Inorganics (nutrients), Hexavalent Chromium
Metals without Mercury
Nitrogen series. Phosphorus
Sulfide

Bacteriological (Coliform, Standard Plate Count) Sterile container - do not touch cap or
container interior. Remove Faucet strainer and flush line prior to sample collection.

TOC. Fill to capacity
Total Recoverable Phenolics
Volatiles. Fill to capacity - no headspace.

Physical Properties. Inorganics (single parameter)
Nutrients. COD (single parameter)

Organics, Inorganics, Physical Properties, General (single parameter)

Volatiles (aromatics and/or Halogenated constituents). Fill vials until slightly overflowing
with minimum aeration. Place septa W/TFE liner facing sample and seal with NO
headspace.
EDB, Volatile Halocarbons. Fill as referenced above.
Trihalomethanes (THM). Fill as referenced above.

Container Closure Key (n/m " narrow mouth, m/m - medium mouth, w/m - wide mouth)

CONTAINER SHIPPING INSTRUCTIONS
After sample collection, please check all custody forms and sample containers for discrepancies. Sign the custody form and seal in the

enclosed plastic bag. To avoid cootainer leakage during transit, additional plastic bags have been included in the shipment to contain ice
for sample preservation. Please place these ice bags between the samples and secure the lab pack for shipment. Return lab packs to
Savannah Laboratories & Environmental Servicea, Inc., 5102 LaRoche Avenue, Savannah, GA 31404. If you have any questions

conceming containers shipped or acceptable field substitutions, please contact your projea manager or sample coordinator for assistance at
(912)354-7878 or FAX (912) 352X3165.



SAMPLE INTERNAL CUSTODY LOG

o
o <* CI
.2 o £

^ «
Q PH

°5r-^

O
E

SL LOG NO..
CLIENT: COURIER:

COOLERS/CLIENT: TEMPERATURE

40 ML VIAL
SOIL

L N/M AMB GLASSL N/M PLASTIC 500 M/M PLASTIC
250 M/M AMU GLASS250 AMU GLASS 250 M/M PLASTIC

ENCORE SPLERS/25g
ENCORE SPLERS/5B

500 M/M AM GLASS500 M/M PLASTIC 100 M/M PLASTIC
500 M/M PLASTIC500 M/M AMB GLASS

125 AMB W/M W/SEPTA 250 M/M PLASTIC250 N/M PL.ASTIC
2J(]jg/MPI,AS;i'IC
250 M/M "NALGIJNI

L W/M PLASTIC
125 AMB W/M GLASS500 W/M PLASTIC

L W/M GLASS250 W/M PLASTIC
500 W/M GLASS125 M/M AMU GLASS

SUMMA CANS 250 M/M GLASS100 M/M PLASTIC
VACUUM CANS

250 M/M NALGENli
on licit

PLEASE VERIFY
PLEASE VEIUFY PLEASE VERIFY TOTAL

CONTAINERS
PLEASE VEIUFY

TOTAL
CONTAINERS

TOTAL
CONTAINERS

TOTAL
CONTAINERS

RELINQUISHED INFORMATION:

CUSTODY INITIAL/DATE CUSTODY INITIAL/DATE

GENERAL INI HAL/DATE METALS INITIAL/DATE

CUSTODY INITIAL/DATE

VOLATILES INITIAL/DATE

CUSTODY INITIAL/DATE

EXTRACTION INITIAL/DATE

MISC. BOTTLES STORED IN REFRIGERATOR FOR SUBCONTRACT/REMOTE TRANSFER:

I ;CU029:07.2398:I SL.̂ .
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REMOTE DIVISION
SAMPLE INTERNAL CUSTODY LOG

SL DIVISION
# COOLERS
TEMPERATURE(S).

O
E

RELINQUISHED INFORMATION:

CUSTODY INITIAL7DATE CUSTODY INITIAL/DATE

GENERAL INITIAL/DATE METALS INITIAL/DATE

CUSTODY INITIAL/DATE

VOLATILES INITIAL/DATE

CUSTODY INITIAL/DATE

EXTRACTION INITIAL/DATE

FCU027:02.26.98:0
5L SAVANNAH LABORATORIES

Ml. JCIWCR, WC
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FIGURE 7.11

WET CHEMISTRY EXTRACTION LOG

Preo Date: Analyst: LCS True Value

Chemistry: Batch ID: . LCS Spike Source:
Method*: Final Volume: MS Spike True Value

Start Time: End Time: MS Spike Source

SLLog # Sample Description

-

Sample Weight

—— . —————— —— 1 ____

000020
FGE033:01.30.9J:3 S L. f*»?"£*" LABORATORIES



FLUORIDE
Method 340.2

CALIBRATION CURVE

O.I

0.3

3
10
20

Log (mg/L)

-0.522

0.301

0.477
I

1.30

SL Log No.

mV
Date:
Analyst: !
llnlch H:
Correlation Coefficient:
QC Check (Source/True Value):
Accuracy Range:
Spike Level:
Rev/Date:

Sample Description Sample
Dilution

Volume or
Wet Weight

Sample Potential
(mV)

Result
(mg/L)

Percent
Solids

Result
(mg/kgdw)

%
REC

%
RPI>

O

TJ



FIGURE 7.13

Section 7
Revision: 0
Date: 01/99
Pase 19 of 20

j
1

1

I

i

w

hi

c

A
nal/ib

R
equired

,11 1"jr

I

1

r

1

I

! |

i rEilncthM

i
i

l|
? f

1

j

i

i
1q
n
1o

S



FIGURE 7.14

CU20:03.31.98:1

INTERDIVISIONAL SHIPPING LOG
***FAX PRIOR TO SHIPMENT OF SAMPLES**

PM:
DIVISION SENT FROM: ___________ TO:.
•DATE OF SHIPMENT:_______________

...METHOD OF SHIPMENT:
SL LOG NO.__________ DUE:_________ LOGGED IN: __Y __N
___# SAMPLES/MATRIX ______# CONTAINERS
ANALYSIS REQUIRED (DETS PREFERRED)_____________________

CERTIFICATION REQUIRED __Y _N TYPE.

SL LOG NO.________________ DUE:________ LOGGED IN: _Y _N
___# SAMPLES/MATRIX ______# CONTAINERS
ANALYSIS REQUIRED (DETS PREFERRED)_____________________

CERTIFICATION REQUIRED _Y _N TYPE_

SLLOGNO._______________ DUE:_________ LOGGED IN: _Y_N
___* SAMPLES/MATRIX J_____# CONTAINERS
ANALYSIS REQUIRED (DETS PREFERRED),

CERTIFICATION REQUIRED __Y _N TYPE.

NOTE: PLEASE PROVIDE DOCUMENTATION OF SPECIAL REQUIREMENTS FOR
CERTIFICATION PRIOR TO ANALYSIS.

PM SIGNATURE/DATE:

SL LOG #'S:________________________
RECEIPT INITIALS/DATE:_________________
PROBLEMS _Y _N (IF YES, PLEASE DESCRIBE),

FAX INITIALS/DATE:

Section 7
Revision: 0
Date: 01/99
Paee20of20
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CU20-Page3of3 =31-*.
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8.0 ANALYTICAL PROCEDURES

The ultimate responsibility for analytical method selection lies with the client or resulaicrv asencies
Whenever possible, laboratory and field analysis of all samples is conducted by E?A atsoroved
methodology or guidance. Interpretation of ambiguous or conflicting method requiremems is accomplished
by consulting with regulatory agencies and E? A Laboratory/QA personnel. When E?A approved methods
do net exist or project protocols require alternative methods or modifications of Z?A methods (i.e.. to
acrueve lower reporting limits), methods are modified based on scientific logic and regulator/ alternative
method guidance.

i abies 5.1 and 5.2 list Savannah Laboratories' routine laboratory parameters with their respective method
numbers. Table 5.3 lists the parameters for TCLP samples. Tables 5.4 through 5.7 list narameters for air.
biological tissue, wipes, and oily samples with their respective method numbers, and Ta'ble 5 8 lists fi-;d '
parameters.

For Gas Chromato graphic (GC) methods, -which have long lists of targets, have peaks that co-elute, or are
subject to matrix interferences (i.e., Methods 8021, 604/8041, 606/8061,607/8070, 609/8091, 610/8100,
612/8121), SL recommends the guidance in SW846, which states that GC-Mass Spec (GOMS) methods
are preferred, provided project reporting detection limits are met and costs are not appreciably different.
This practice will usually result in fewer false positive detects and more accurate results (usually lower due
to the ability by GC/MS to separate unresolved peaks or eliminate matrix interferences).

A detailed SOP has been prepared for each routine analytical method. At a minimum, the SOPs are
reviewed annually and updated as needed to include newly promulgated methods. If multiple versions of a
reference method exist (e.g., 6010A, 6010B, etc.), the SOP will reflect the different requirements of each
version or an SOP will be prepared for each version. Any modifications to the approved methodoloev are
described in the SOPs. Copies of the SOPs are approved by laboratory management and issued under
document control. A master copy of each SOP is retained by the laboratory's QA Department and are
made available to each staff member involved in the procedure.

When new routine analytes are added to an established procedure or when a new routine method is
developed, data for the analyte or method are generated, reviewed, and documented in accordance with SL
SOP AN52: Test Procedure for Method Development and Modification. The main elements of AN02 are:

-Preparation or modification of an SOP, if required (SL SOP AN01)
-Performance and evaluation of the Initial Demonstration of Capability (SL SOP CA91?)
-Performance of an MDL Study (SL SOP CA90)

i

8.1 Laboratory Glassware

8.1.1 Volumetric Glassware

Savannah Laboratories employs appropriate glassware for all preparatory and analytical operations For
cnncal measurements, such as standard preparation, Class A volumetric glassware is used, whe^ practical
Exceptions include the use of volumetric syringes for volatiles standards preparation and polvpropvlene
volumetric flasks for metals standards.
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8.1.2 Glassware Geaning Procedures

Laboratory glassware washing procedures are adapted from SW-846, 40 CFR Part 136, Standard Methods,
and EPA 600/4-79-109. The procedures are given in SL SOP AN60:G/ayjware Cleaning Procedures and
are summarized as follows:

Extractable Organics

The glassware is washed with hot water and a non-phosphate detergent The glassware is scrubbed
vigorously with a brush to remove all artifacts and rinsed three (3) times with tap water. The glassware is
allowed to air dry whenever possible and stored inverted or with cap openings covered with aluminum foil
or glass stoppers to exclude dust and other contaminants. Whenever possible, precleaned, certified,
disposable glassware is utilized for extraction and extract storage.

Volatile Organics

The glassware is washed with tap water and nonphosphate detergent, rinsed thoroughly with organic free
water, and oven dried at 110°C-120°C for at least two hours. Class A volumetric glassware is air dried.
Glassware is usually stored in the oven until use. Caps and septa are washed in the same manner, but caps
are air dried. Highly contaminated glassware is allowed to soak in Nochromix solution overnight, then
washed as above.

General Chemistry, Microbiology, Nutrients, Demands

The glassware is washed with hot tap -water and nonphosphate detergent, rinsed thoroughly with tap and
deionized water, air dried, and stored inverted or foil placed over cap openings. Bateriological laboratory
glassware and collection bottles are autoclave as described in analytical procedures or purchased
presterlized (disposable). COD digestion tubes and caps are cleaned with brushing and tap water (no soap)
and rinsed thoroughly with deionized water. Tubes for TKN and total phosphorus sample digestions are
washed with hot water and phosphate free detergent, and rinsed with tap water, Nochromix, and deionized
water. Whenever'possible, precleaned, certified disposable glassware is utilized.

Metals/Radionuclides

The glassware, plastic, and Teflon items are washed in hot tap water and phosphate-free detergent They
are then rinsed with tap water, 1:1 nitric acid, tap water, and deionized water. For highly contaminated
samples, itis recommended that Teflon beakers used for sample digestion are further decontaminated by
adding 20mL nitric acid and 12mL hydrochloric acid, covered with a watch glass, and digested on a hot
plate for two hours. Following this treatment they are rinsed with 10% nitric acid and deionized water and
allowed to air dry. Whenever possible, precleaned, certified disposable glassware is utilized for digestion
and digestate storage.
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8.2 Soil Sample Preparation Notes

In the absence of an approved soil method, water methods are adapted for soil matrices. The following soil
preparation procedures are applied to parameters in Table 5.2.

1. Fluoride (extractable): Method 340.2/300.0

Approximately 5 g of sample is weighed out exactly and placed in a screw-cap bottle. One hundred mL of
DI water is added to the sample, the bottle is capped, placed in a rotating extractor, and rotated for 2 hours.
Upon removal, the sample is allowed to settle, the supernatant decanted, and the extract is analyzed as a
liquid sample.

2. Gross Alpha and Gross Beta Particle Activity; Method 9310

Soil is ground to a fine powder with mortar and pestle, and 50 to lOOmg soil is weighed onto a tared
planchet. Sample is distributed evenly over planchet surface, fixed with clear acrylic solution, dried, and
counted.

3. Chloride (extractable): Method 9251/9252/4500-O/C/300.0

Approximately 5 g of sample is weighed out exactly and placed in a screw-cap plastic bottle. One hundred
mL of DI water is added to the sample, the bottle is capped, placed in a rotating extractor, and rotated for 2
hours. Upon removal, the sample is allowed to settle and the supernatant is decanted. The extract is
analyzed as a liquid sample.

4. Sulfate (extractable): Method 9036/9038/375.3/300.0

Approximately 5 g of sample is weighed out exactly and placed in a 100-ml screw cap plastic bottle. One
hundred mL of DI water is added to the sample, the bottle is capped, placed in a rotating extractor, and
rotated for 2 hours. Upon removal, the extract is filtered using a syringe and filter with a 0.20-um pore size
filter and analyzed as a liquid sample.

5. Orthophosphate (extractable): Method 365.1/300.0 »
Approximately 5 g of sample is weight out exactly and placed in a screw-cap plastic bottle. One hundred
mL of DI water is added to the sample, the bottle is capped and placed in a rotating extractor, and rotated
for 2 hours. Upon removal, the sample is allowed to settle and the supernatant us decanted. The extract is
analyzed as a liquid sample.

6. Benomyl in Soil: Method 631

Ten grams of sample are extracted and hydrolyzed in 2:1 methylene chloride:acidified methanol. The
extract is cleaned by passing through a 5 gram alumina solid phase extraction cartridge. The cleaned ,
extract is then concentrated, filtered, and analyzed as a liquid sample.

7. Acrylamide in Soil: Method 8316

Samples are prepared by adding 10 ml of HPLC grade H20 to 2.0 grains of sample in a 20 mL scintillation
vial and sonicating for one hour. The leachate is then passes through a C18 solid phase extraction
cartridge. The extract is filtered and analyzed as a liquid.
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8.3 Validated Compounds and Modifications of Referenced Analytical Methods

Except for the instances described below, parameters in Tables 5.1 and 5.2 have been determined by the
methods referenced with no significant modifications to those methods, other than the use of additional
standards for parameters not included in the referenced method lists.

Asulam

Water samples are prepared by adjusting the pH to 3, saturating with NaCl and extracting with 1 : 1
acetonitrile:ethyl acetate. The extract in injected into the HPLC system following concentration. The
HPLC system consists of an isocratic pump and a UV detector.

Thiodiglycol

Water samples are prepared by passing them through a solid phase cartridge. Soil samples are extracted by
sonication with calcium chloride solution and then processed through the same cleanup as the water
samples. The samples are injected into the HPLC system which consists of an isocratic pump and a UV
detector.

Ethylen ethiourea

Water samples are analyzed by passing them through a solid phase cartridge. Soil samples are extracted by
sonication with water, men processed through the same cleanup as water samples. The samples are
injected into the HPLC system which consists of an isocratic pump and a UV detector.

Nitrocellulose

Water samples are filtered through an inorganic membrane filter to isolate the nitrocellulose fibers which
are suspended in the sample. The filter is then washed with methanol to remove any sources of organic
nitrogen compounds while the nitrocellulose fibers remain on the filter. The fibers are dissolved in
acetone, followed by evaporation of the acetone and subsequent hydrolysis of the residue in the presence of
sodium hydroxide. Following neutralization, the sample is analyzed for nitrate and nitrite by a cadmium
reduction spectrophotometric method or ion chromatography. The mass of nitrogen (as nitrate-nitrite) is
used to calculate the concentration of nitrocellulose.

1
Soil samples are treated with a methanol rinse to remove any interfering sources of nitrogen. Acetone is
then added to the soil to dissolve the nitrocellulose fibers. Following the addition of acetone, the sample is
sonicated for about 10 hours. Centrifugation is then employed to separate the acetone from the soil residue.
The soil residue is then treated and analyzed using the technique described above for water samples.

Phtkalic add/Phthalic anhydride andMaleic add/Maine anhydride

Soil samples are extracted by tumbling with reagent water. Soil sample extracts and water samples are
adjusted to neutral pH and then cleaned by passing through C8 and amino solid phase extraction cartridges
connected in series. Analysis is by HPLC with UV detection. All results are reported as the acid form.

Cryomazine

Cryomazine is extracted from soil samples by sonication with HPLC extraction fluid, consisting of
hexanesulfonic acid, triethylamine, ammonium hydroxide, and phosphoric acid. Extract cleanup is
accomplished using a CIS solid phase extraction cartridge, followed by HPLC with UV detection analysis.
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Resorcinol

Water samples are acidified with phosphoric acid, then passed through a CIS solid phase extraction
cartridge and filtered. Analysis is by HPLC using UV detection.

Arsenic in Water by Method 7060 (3020)

Water samples are prepared using the procedures in Section 7 of Method 3020. Arsenic is then determined
using the analytical procedures described in Method 7060.

Selenium in Water by Method 7740 (3020)

Water samples are prepared using the procedures described in Section 7 of Method 3020. Arsenic is then
determined using the analytical procedures described in Method 7740.

8.4 Reagent Storage and Documentation

Reagents are stored with consideration for safety and maximum shelf life. Storage conditions and
documentation maintenance status for various classes of reagents are given in Table 8.1, as well as
discussed below.

All acids, except those poured up in small marked containers which are for immediate use, are stored in the
original containers in acid storage cabinets.

All bases, except those poured up in small containers for immediate use and those that are standardized for
specific purposes, are stored in the original containers within designated areas or storage cabinets.

All flammable solvents, except those poured up for immediate use, are stored in original containers in
approved vented flammable storage cabinets which are located indoors.

Dry reagents are stored in designated cabinets in cool, dry areas. Reactive chemicals, cyanides and sulfides
are labeled and isolated from other chemicals.

All acids used for metal sample digestions and solvents used for semivolatile sample extraction are tested
prior to initial use. Specific acceptable chemical lots are reserved and stored by the vendor(s) and aVe
requisitioned and received as needed by the laboratory. Lot numbers used for digestion or extractions are
recorded inbound notebooks hi the appropriate departments.

Reagent blanks are analyzed with each sample batch for all methods, validating the purity of all reagents.
All reagent containers are dated when received, and dated and initialed when opened (except high use items
consumed in less than one week). Documentation is maintained to provide traceability of the reagents used
with the analysis of any batch to specific reagent lot numbers.
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8.5 Waste Disposal

Savannah Laboratories' divisions operate as either conditionally exempt small quantity generators of small
quantity generators of hazardous waste.

All waste disposal is carried out in accordance with Savannah Laboratories' Waste Disposal SOP (CA70).
This document includes procedures for identification, storage, personnel training, tracking forms, report
forms, safety, as well as details of the disposal.

8.6 Sample Disposal

All waste disposal is carried out in accordance with Savannah Laboratories' Waste Disposal SOP (CA70).
This document includes procedures for identification, storage, personnel training, tracking forms, report
forms, safety, as well as details of the disposal.

After-analysis completion, unused sample portions, extracts, or digests are transferred to a central secured
storage area to await disposal. Unless a client requests the project manager to save unused samples,
digests, or extracts, disposal from the central storage occurs as soon as holding times have expired or three
weeks after results submission.

Requests for extended sample, digest, or extract storage must be provided by the client to the SL project
manager in writing (or contract form) prior to sample receipt and extended storage may result in additional
fees to be negotiated by the SL project manager prior to sample receipt SL is not responsible for
evaporation or other deterioration of samples, extracts, or digests during extended storage periods.

Samples which are requested to be returned to the client may be picked up at the laboratory by the client,
shipped by courier (at the client's expense for packaged shipping) or returned by any other legal means that
is arranged by the client Clients requesting the return of samples should provide detailed shipping
instructions.

If a client by contract requires that samples be disposed of by a hazardous waste contractor, the client's
name and EPA ID number are used on the manifest and the client is billed for all disposal related costs.
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9.0 CALIBRATION PROCEDURES AND FREQUENCY

9.1 Laboratory Equipment

Savannah Laboratories is equipped with state-of-the-art instrumentation to provide quality analytical data
to clients. A list of the instrumentation maintained by Savannah Laboratories for the determination of the
parameters contained in Tables 5.1, 5.2, 5.3, and 5.4 is found in Table 9.1. A list of all field
instrumentation maintained by the laboratory is contained in Table 9.2.

9.2 Standard Receipt and Traceability

Standards are purchased from commercial sources in stock solutions or mixes designed for the specific
methods or as neat analytes. Certificates of analysis are shipped with each standard material by the vendor.
When possible, standards are certified to meet or exceed the criteria established by the US EPA or are

traceable to NIST standards.

Standard traceability logbooks are maintained by all sections of the laboratory to track the receipt,
preparation, and disposition of all standard materials. A lot number is assigned to each standard material
and the lot number is documented in the standard traceability logbook along with date of preparation,
initials of analyst, concentration, expiration date (if applicable), and solvent (if applicable). If required, a
standard preparation narrative is also provided in this logbook to document the preparation steps for each
stock standard.

9.3 Standard Sources and Preparation

Savannah Laboratories maintains an inventory of standard materials necessary to calibrate and verify all
analytical systems. Table 9.3 lists the standard sources and preparation protocols for various sections of the
laboratory. Field instruments requiring calibration standards (conductivity meters and pH meters) use the
same sources as laboratory instrumentation. Table 9.4 lists titrants used by the laboratory and information
regarding their standardization. Documentation of standard preparation is performed in accordance with SL
SOP AN41: Standard Material Traceability. This SOP also provides guidance for the extending the
expiration date of standards.

9.4 Laboratory Instrument Calibration

The calibration procedures for the various analytical methods are listed below.. All CLP protocols are
followed as written in the statement of work (SOW). '

9.4.1 Metals

Metals are analyzed by three protocols: 200-series are primarily for drinking water and for NPDES
compliance; 6000 and 7000-series are primarily for RCRA testing; and CLP protocols are primarily for
hazardous waste site monitoring. It should be noted that EPA has promulgated two versions of EPA method
200.7; one for drinking water and the other for NPDES compliance testing.

ICP (Inductively Coupled Plasma-Atomic Emission)

The inductively coupled plasma atomic emission spectrophotometer is standardized daily with a single
concentration standard solution containing the metals of interest and a calibration blank. Multi-point
calibrations with a minimum of three standards and a calibration blank encompassing the concentration
range of interest are analyzed annually and are on file for each ICP. The calibration curve demonstrates the
linearity of each metal over the standardization range. Continuing calibration verification (CCV) standards
are analyzed after every 10 samples and at the end of the sequence and must meet the acceptance criteria.
A calibration blank (ICB or CCB) is analyzed immediately after the verification standards and must meet
the acceptance criteria.
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After the instrument is standardized, the following calibration verification checks are performed:

Calibration Check
Re-analvsis of Standards
Initial Calibration Verification
(ICV)
Initial Calibration Blank(ICB)
RL Standard

Interference Check Solutions A
and AB
Continuing Calibration
Verification (CCV)
Continuing Calibration Blank
(CCB)

6010
+1-5% of true value
+/-10% of true value

<RL (<iMDL)
Detected; +/-50% of true

value
+/-20% of true value

+/-10% of true value

<RL (<MDL)

200.7 (KPDES)
+1-5% of true value
+1-5% of true value

<RL (<MDL)
Detected; +/-50% of true

value
+/'-20% of true value

+1-5% of true value

<RL (<MDL)

200.7 (Drinking Water)
+1-5% of true value
-i'-5% of true value

<RL (<MDD
Detected; +/-50% of true

value j
+/-20% of true value

+/- 10% of true value

<RL (<MDL)

All sample results must be bracketed by acceptable calibration standards.

AA (Atomic absorption)

Atomic absorption spectrophotometers are calibrated daily with the specified number of calibration
standards, including a calibration blank The correlation coefficient of the regression curve must be greater
than or equal to 0.995. An initial calibration verification (ICV) standard is analyzed immediately upon
calibration and must meet acceptance criteria Continuing calibration verification (CCV) standards are
analyzed after every 10 samples and at the end of the sequence and must meet the acceptance criteria. A
calibration blank (ICB or CCB) is analyzed immediately after the verification standards and must meet the
acceptance criteria.

GFAA (Graphite furnace atomic absorption)
Calibration Check
Minimum number of calibration
points
Initial Calibration Verification
(ICV)
Initial Calibration BlankdCB)
Continuing Calibration
Verification (CCV)
Continuing Calibration Blank
(CCB)

7000-series
4

+/-10% of true value

<RL (<MDL)
+/-20% of true value

<RL (<MDL)

200-series
4

+/- 10% of true value

<RL (<MDL)
+/-10% of true value i

<RL (<MDL)

200.9
4

+/-5%oftrue
value

<RL (<MDL)
+/-10%oftrue

value
<RL (<MDL)

All sample results must be bracketed by acceptable calibration standards.

FLAA (Flame atomic absorption)
Calibration Check
Minimum number of calibration
points
Initial Calibration Verification
(ICV)
Initial Calibration BlankdCB)
Continuing Calibration
Verification (CCV)
Continuing Calibration Blank
(CCB)

7000-series
4

+/- 10% of true value

<RL (<MDL)
-r/-20% of true value

<RL (<MDL)

200-series
4

+/- 10% of true value

<RL (<MDL)
+/-10% of true value

<RL (<MDL)

All sample results must be bracketed by acceptable calibration standards.
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CVAA (Cold vapor atomic absorption-Mercury)
Calibration Check | 7000-series
Minimum number of calibration
points
Initial Calibration Verification
(ICV)
Initial Calibration BlankflCB)
Continuing Calibration
Verification (CCV)
Continuing Calibration Blank
(CCB)

6

•h'-10% of true value

<RL (<MDL)
+/-20% of true value

<RL (<MDL)

200-series 1
4

+/-5% of true value

<RL (<MDU
-r/-10% of true value

<RL (<MDL)

All sample results must be bracketed by acceptable calibration standards.

9.4.2 General Chemistry

Autoanalyzer

The autoanalyzer is calibrated with a minimum of five calibration standards at least every six months, (some
procedures/instruments may require daily calibration). The correlation coefficient of the curve must be
greater than or equal to 0.995 using a regression fit Independent calibration verification standards are
analyzed immediately following the calibration standards (initial or continuing), after every 10 samples,
and at the end of each run. Sample analyses must be bracketed by calibration verification standards that
meet control criteria The calibration curve is verified each day that analyses arc performed by the analysis
of a midpoint standard and by the analysis of a standard at the reporting limit of the target analyte(s). The
standard at the midpoint must be ±10% of the true value of the standard and the standard at the reporting
limit must be detected

Ion Chromatography (1C)

Initial calibration is performed upon instrument startup and whenever the continuing calibration
verification standard Ms the acceptance criteria. A calibration curve is prepared for all target analytes with
the lowest standard concentration at or below the reporting limit and the remaining standards defining the
working range of the detector. Either linear regression or quadratic curve fitting is used, depending on the
analyte. The regression correlation coefficient must be greater than or equal to 0.99 for any analyte to be
used for quantitation. Calibration verification standards are analyzed immediately upon calibration, after
every 10 samples, and at the end of each run. Sample analyses must be bracketed by calibration
verification standards that meet the acceptance criteria.

Ultraviolet-Visible (UV-VIS) Spectrophotometer

The Spectrophotometer is calibrated with a minimum of five standards at least every six months (some
procedures/instruments may require daily calibration). The correlation coefficient of the curve must be
greater than or equal to 0.995 using a regression fit. Independent calibration verification standards are
analyzed immediately following the calibration standards (initial or continuing), after every 10 samples,
and at the end of each run. Data must be bracketed by calibration verification standards that meet control
criteria. The calibration curve is verified each day that analyses are performed by the analysis of a standard
at the midpoint of the calibration curve and by the analysis of a standard at the reporting limit of the target
analyte(s). The standard at the midpoint must be ±10% of the true value of the standard and the standard at
the reporting limit must be detected.
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Infrared (IR) Spectrophotometer

The infrared Spectrophotometer is calibrated with a minimum of five standards at least every six months
(some procedures/instruments may require daily calibration). The correlation coefficient of the curve must
be greater than or equal to 0.995 using a regression fit Independent calibration verification standards are
analyzed immediately following the calibration standards (initial or continuing), after every 10 samples,
and at the end of each run. Data must be bracketed by calibration verification standards that meet control
criteria. The calibration curve is verified each day that analyses are performed by the analysis of a standard
at the midpoint of the calibration curve and by the analysis of a standard at the reporting limit of the target
analyte(s). The standard at the midpoint must be =10% of the true value of the standard and the standard
at the reporting limit must be detected.

Turbidimeter

Initial calibration is performed upon instrument startup and whenever the continuing calibration
verification standard fails the acceptance criteria. Gelex solid standards are calibrated against formazin
standards initially and then quarterly. The instrument is calibrated daily with one Gelex standard for each
range of interest. A mid-range calibration verification standard is analyzed for every 10 samples and must
meet control criteria in order for bracketed data to be acceptable.

Conductivity Meter

The cell constant of each meter is determined at a tpiniinuTp annually by the analysis of five KC1 standards.
To verify the cell constant, a verification standard is analyzed at the beginning of each working day, using

a KC1 standard in the expected range of the samples. For meters not having automatic temperature
compensation, all samples are analyzed at 25 C ± 2 C.

pH Meter

The pH meter is calibrated daily with two standard buffers at pH 7.0 and either 4.0 or 10.0, and checked
with a third buffer at 10.0 or 4.0, which must indicate ± 0.10 pH units of its given value. A calibration
verification standard is analyzed immediately upon calibration and after every 10 samples. Acceptable
calibration verification standards must bracket the sample analyses. Manual or automatic temperature
compensation is performed, depending on the meter. Additional checks of the pH meter must be performed
with buffers other than 4 or 10 if samples are outside the pH range of 4-10.

Total Organic Carbon (TOC)

The instrument is calibrated according to the manufacturer's recommendations, with a minimum of a single
point calibration daily. A calibration verification standard is analyzed immediately upon calibration, after
10 samples, and at the end of each run. Sample analyses must be bracketed by acceptable calibration
verification standards.

Ion Selective Electrode (ISE)

Ion selective electrodes are calibrated daily with a minimum of five standards. The calibration curve is
established by linear regression applied to the log of the standard concentrations versus potential and must
result in a correlation coefficient greater than or equal to 0.995. Calibration verification standards are
analyzed immediately upon calibration, after every 10 samples, and at the end of each run. Data must be
bracketed by calibration standards that meet control criteria to be acceptable.
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Total Organic Halogens (TOX) /Absorbable Organic Halides (AOX)

Although the TOX/AOX instrument provides an "absolute" measurement of halogen, a six-point calibration
curve (five point and a calibration blank) is analyzed to confirm the accuracy' of the instrument readout.
The coefficient of variation (percent relative deviation) must be less than or equal to 20% to confirm the
validity of the calibration curve. The TOX/AOX calibration is verified by periodic analysis of a precision
and recovery (PAR) standard, a mid-level calibration check standard.

Bomb Calorimeter

The energy equivalent of the bomb calorimeter is determined quarterly by bombing six standard benzoic
acid tablets. A control standard is analyzed in duplicate for every batch of samples, and must meet control
criteria in order for data to be acceptable.

Dissolved Oxygen (DO) Meter

DO meters are calibrated prior to use either by Winkler titration or the air calibration technique.

Temperature

All laboratory and field thermometers are calibrated annually by comparison with a NIST-certified
thermometer. Field meters with automated temperature compensation are checked before use with a
calibrated thermometer.

9.4.3 Gas Chromatography (GC)

Volatile* by GC (VG)

Volatile organic compounds (VOC) are analyzed by three GC protocols: 500-series are primarily for
drinking water, 600-series are primarily for NPDES compliance; and 8000-series are primarily for RCRA
testing. These analyses are generally performed using internal standard calibration and quantitation;
therefore relative retention time, as defined in the respective SOPs will be used to determine the
identification of the target compounds and bracketing by CCV will not be required unless specified in the
method or QAPP. If external standard calibration is used, the absolute retention time window is calculated
as three times the standard deviation obtained from a 72-hour sequence or default windows of 0.05 to 0.10
minutes are used for compounds where the calculated window is too restrictive or zero. Bracketing by CCV
will be required for external standard calibrations if specified in the method, SOP, or QAPP.

Initial calibration (ICAL) is performed upon instrument startup and whenever the continuing calibration
verification standard rails the acceptance criteria. A calibration curve is prepared for all target compounds
with the lowest standard concentration at or below the reporting limit and the remaining standards defining
the working range of the detector. After the initial calibration standards are injected, a calibration curve is
constructed using either internal standard or external standard methodology. The analyst inspects the
curves before proceeding with sample analysis. The correlation coefficient or coefficient of determination
of the calibration curve must be greater than or equal to 0.99. An alternative to quantitation from a
calibration curve is quantitation from an average response factor. If the %RSD is less than or equal to the
acceptance criteria, the average response factor can be used for quantitation.

A midpoint calibration verification standard (CCV) must be analyzed periodically as a check on the validity
of the initial calibration. If the percent difference or percent drift is within the acceptance criteria, the curve
is acceptable for quantitation of samples.
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Calibration Check
Initial calibration
-minimum calibration
standards

%RSD criteria (2)

CCV criteria
(%difference or
%drift)
Frequency of CCV

500-seriesd)
3 (as the calibration

range is extended, the
number of points must

be increased)
<=20%

+/- 20%

Every 8 hours

600-series
3

<=10%

Within Q-table values

Daily

8000-series
5

<=20%
(with exceptions noted

below)
+/-15%

(with exceptions noted
below)

Every 12 hours
(1) An alternate single point calibration can be performed if the standard response is within 20% of the
sample response.
(2) Alternatively, a regression curve (linear, quadratic, etc.) may be constructed. If the correlation
coefficient of the regression curve is greater than or equal to 0.99, the curve may be used for quantitation of
samples.

8000-series ICAL grand mean exception:
If one or more compounds exceed the %RSD criteria, the average response factors can be used for
quantitation if the average %RSD of ALL of the compounds (the grand mean) in the ICAL is less than or
equal to 20%.

8000-series CCV grand mean exception:
If one or more compounds exceed the %drift or %difference criteria, the average response factor from the
initial calibration can be used for quantitation if the average %drift or %difference of ALL of the
compounds (the grand mean) in the CCV is less than or equal to 15%.

External Standard CCV: Samples analyzed by external standard calibration require bracketing by CCV. If
the CCV standard analyzed after the samples fails to meet the acceptance criteria and the response of the
mid point standard is above the criteria (that is the response of the analytical system has increased),
samples which have no target compounds detected above the RL may be reported as <RL, since the
compounds would have been detected if present (SW-846 Method 8000B).

Semivolatiles by GC (SG) ,
Semivolatile organic compounds (SVOC) are analyzed by four GC protocols: 500-series are primarily for
drinking water, 600-series are primarily for NPDES compliance; 8000-series are primarily for RCRA
testing; and the CLP protocols are used for hazardous waste site monitoring. If internal standard calibration
is used; relative retention time, as defined in the respective SOPs, will be used to determine the
identification of the target compounds and bracketing by CCV will not be required unless specified in the
method or QAPP. If external standard calibration is used, the absolute retention time window is calculated
as three times the standard deviation obtained from a 72-hour sequence or default windows of 0.05 to 0.10
minutes are used for compounds where the calculated window is too restrictive or zero. Bracketing by CCV
will be required for external standard calibrations if specified in the method, SOP, or QAPP.

Initial calibration (ICAL) is performed upon instrument startup and whenever the continuing calibration
verification standard fails the acceptance criteria. A calibration curve is prepared for all target compounds
with the lowest standard concentration at or below the reporting limit and the remaining standards defining
the working range of the detector. After the initial calibration standards are injected, a calibration curve is
constructed using either internal standard or external standard methodology. The analyst inspects the
curves before proceeding with sample analysis. The correlation coefficient or coefficient of determination
of the calibration curve must be greater than or equal to 0.99. An alternative to quantitation from a
calibration curve is quantitation from an average response factor. If the %RSD is less than or equal to the
acceptance criteria, the average response factor can be used for quantitation.

A midpoint calibration verification standard (CCV) must be analyzed periodically as a check on the validity
of the initial calibration. If the percent difference or percent drift is within the acceptance criteria, the curve
is acceptable for quantitation of samples.
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Calibration Check
Initial calibration
-minimum calibration
standards

%RSD criteria(2)

CCV criteria
(%difference or
%drift)
Frequency of CCV

500-series
3 (as the calibration

range is extended, the
number of points must

be increasedXl)
<=20%

T/- 20%

Everv 8 hours

600-series
.>

<=10%

+/-10%

Dailv

8000-series

<=20% |
(\vith exceptions noted

below)
+/-15%

(with exceptions noted
below)

Everv 12 hours
(1) An alternate single point calibration can be performed if the standard response is within 20% of the
sample response.
(2) Alternatively, a regression curve may be constructed. If the correlation coefficient of the regression
curve is greater than or equal to 0.99, the curve may be used for quantitation of samples.

8000-series ICAL grand mean exception;
If one or more compounds exceed the %RSD criteria, the average response factors can be used for
quantitation if the average %RSD of ALL of the compounds (the grand mean) in the ICAL is less than or
equal to 20%.

8000-series CCAL grand mean exception;
If one or more compounds exceed the %drift or %difference criteria, the average response iactor from the
initial calibration can be used for quantitation if the average %drift or %difference of ALL of the
compounds (the grand mean) in the CCV is less than or equal to 15%.

External Standard CCV: Samples analyzed by external standard calibration require bracketing by CCV. If
the CCV standard analyzed after the samples Ms to meet the acceptance criteria and the response of the
mid point standard is above the criteria (that is the response of the analytical system has increased),
samples which have no target compounds detected above the RL may be reported as <RL, since the
compounds would have been detected if present (SW-846 Method 8000B).

9.4.4 Gas Chromatography/Mass Spectrometry (GC/MS)

Volatiles by GC/MS (VM)
Volatile organic compounds (VOC) are analyzed by three GC protocols: 500-series are primarily for
drinking water, 600-series are primarily for NPDES compliance; 8000-series are primarily for RCRA
testing; and the CLP protocols are used for hazard waste site monitoring.

Hardware tuning is performed on each GC/MS prior to calibration as specified in the applicable EPA
methods. Ion abundance acceptance criteria for VOC tuning with BFB are given below. Mass calibration
is performed as an integral part of tuning.

The tune check and calibration check must be performed in the following intervals:

624 - Daily
8260/CLP - every 12 hours.

524.2 - every 8 hours.
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VOLATILE ORGANIC GC/MS TUNING AND MASS CALIBRATION
BROMOFLUOROBENZENE (BRB)

Ion Abundance Criteria
m/e
50
75
95

96
173
174
175
176

177

524.2
15-40% of mass 95
3 0-80% of mass 95
Base peak, 100%
relative abundance
5-9% of mass 95
< 2% of mass 174
> 50% of mass 95
5-9% of mass 174
> 95% but < 101%

of mass 174
5-9% of mass 176

624
15-40% of mass 95
30-60% of mass 95
Base peak, 100%

relative abundance
5-9% of mass 95
<2% of mass 174
> 50% of mass 95
5-9% of mass 174
> 95% but < 101%

of mass 174
5-9% of mass 176

8260/OLMO4.0(1) !
8.0-40.0% of mass 95

30. 0-66.0% of mass 95 !
Base peak, 100% relative

abundance
5.0-9.0% of mass 95
< 2.0% of mass 174

50-120%% of mass 95
4.0-9.0% of mass 174

93.0-101.0% of mass 174

5.0-9.0% of mass 176
(1) *8260 criteria taken from CLP OLMO4.0 (January 1998)

Initial calibration (ICAL) is performed upon instrument startup and whenever the continuing calibration
verification standard Ms the acceptance criteria. A calibration curve is prepared for all target compounds
with the lowest standard concentration at or below the reporting limit and the remaining standards defining
the working range of the detector.

After the initial calibration standards are injected, a calibration curve is constructed using internal standard
methodology. The analyst inspects the curves before proceeding with sample analysis.-The correlation
coefficient or coefBcient of determination of the calibration curve must be greater than or equal to 0.99. An
alternative to quantitation from a calibration curve is quantitation from'an average response factor. If the
%RSD of the calibration curve is less than or equal to the acceptance criteria, the average response factor
can be used for quantitation.

i
A midpoint calibration verification standard (CCV) must be analyzed at the required interval as a check on
the validity of the initial calibration. If the percent difference or percent drift is within the acceptance
criteria,3he curve is acceptable for quantitation of samples.
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Volatiles
Method

624
:i
II

8260

524.2

Initial Calibration Check
Criteria

All targets <= 35% RSD, or
alternatively, construct
calibration curve
CCC <= 30% RSD

SPCC (minimum RF)
Chloromethane
1 , 1 -Dichloroethane
Bromoform
Chlorobenzene
1 , 1 ,2 ,2-Tetrachloroethane
All targets <= 20% RSD, or
alternatively, generate linear, 2od

or 3rd order calibration curve

Continuing Calibration Check
Criteria

QC Check Sample (20 jig/L) meets
limits specified in method -Table 5, j
Ranee for Q ]i
CCC <= 20% difference or drift from
initial calibration

0.10
0.10

>0.10
0.30
0.30 (0.10 for 25-mL purge) (1)

All targets <= 30% difference from
initial calibration, or alternatively, using
analyst judgment, all targets must fall on
the initial calibration curve

(1) The purging efficiency of 1,1,2,2-tetrachloroethane relative to the internal standard is such that the
SPCC criteria cannot be met consistently for a 25mL purge. The response factor is generally in the 0.1 to
0.3 range. The alternate criteria is adopted from the EPA CLP Low Level Statement of Work, a protocol
similar in scope and application to SW-846 Method 8260.

SW-846 Method 8260: After the CCC and SPCC are evaluated, all target compounds are evaluated for
linearity. If the %RSD is less than or equal to 15%, the average response factor can be used for
quantitation. If the %RSD exceeds 15%, the "grand mean" exception can be applied to the ICAL.
Alternatively, a regression curve (linear, quadratic, etc.) may be used for quantitation if the correlation
coefficient or coefficient of determination is greater than 0.99.

<
8000-series ICAL grand mean exception:
If one or more compounds exceed the %RSD criteria, the average response factors can be used for
quantitation if the average %RSD of ALL of the compounds (the grand mean) in the ICAL is less than or
equal to 15%.

8000-series CCAL grand mean exception:
If one or more compounds exceed the %drift or %difference criteria, the average response factor from the
initial calibration can be used for quantitation if the average %drift or %difference of ALL of the
compounds (the grand mean) in the CCV is less than or equal to 20%.
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Semivolatile GC/MS (SM)
Semivolatile organic compounds (SVOC) are analyzed by four GC protocols: 500-series are primarily for
drinking water, 600-series are primarily for NPDES compliance; 8000-series are primarily for RCRA
testing; and the CLP protocols are followed for pesticides for hazardous waste site monitoring.

Hardware tuning is performed on each GC/MS prior to calibration as specified in the applicable EPA
methods. Ion abundance acceptance criteria for SVOC tuning with DFTPP are given below. Mass
calibration is performed as an integral part of tuning.

The tune check and calibration check must be performed in the following intervals:

625 - Daily
8270/CLP - every 12 hours.

525.2 - every 8 hours.

SEMIVOLATILE ORGANIC GC/MS TUNING AND MASS CALIBRATION
(DFTPP)

m/e

51

68

69
70

127

197

198

199

275

365

441

442

443

IOD Abundance Criteria
525.2

10-80% of mass
442

Less than 2% of
mass 69

(reference only)
Less than 2% of

mass 69
10-80% of mass

198
Less than 2% of

mass 198
Greater than 50%

of mass 442
5-9% of mass 198

10-60% of mass
442

Greater than 1%
of mass 442

0-1 00% of mass
443

Base peak, 100%
relative abundance

15 -24% of mass
442

625

3 0-60% of mass
198

Less than 2% of
mass 69

(reference only)
Less than 2% of

mass 69
40-60% of mass

198
Less than 1% of

mass 198
Base peak, 100%
relative abundance
5-9% of mass 198

10-30% of mass
198

Greater than 1%
of mass 198

Present but less
than mass 443

>40%ofmass 198

17-23% of mass
442

8270/OLMO4.0
(1)

30-80% of mass
198

Less than 2.0% of
mass 69
Present

Less than 2.0% of
mass 69

25-75% of mass
198

Less than 1% of
mass 198

Base peak, 100%
relative abundance
5.0-9.0% of mass

198
10-30% of mass

198
Greater than

0.75% of mass
198

Present but less
than mass 443

40- 110% of mass
198

15.0-24.0% of
mass 442

(1) *8270 criteria taken from CLP OLM04.0 (January 1998)
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Initial calibration is performed upon instrument startup and whenever the contmmnz calibration
verification standard fails the acceptance criteria. A calibration curve is prepared for all target compounds
with the lowest standard concentration at or below the reporting limit and the remaining standards definine
the working range of the detector. ~ *

After the initial calibration standards are injected, a calibration curve is constructed using either internal
standard or external standard methodology. The analyst inspects the curves before proceeding with sample
analysis. The correlation coefficient or coefficient of determination of the calibration curve must be greater
than or equal to 0.99. An alternative to quantitation from a calibration curve is quantitation from an average
response factor. If the %RSD of the calibration curve is less than or equal to the acceptance criteria, the
average response factor can be used for quantitation.

A midpoint calibration verification standard must be analyzed daily as a check on the validity of the initial
calibration. If the percent difference or percent drift is within the acceptance criteria, the curve is acceptable
for quantitation of samples.

Semivolatiles - GC/MS

Method

625

8270

525

Initial Calibration
Check Criteria

All targets <= 35%RSD, or alternatively,
construct calibration curve
CCC<=30%RSD;
SPCC >= 0.050

All targets <= 30% RSD, or alternatively,
generate linear, 2nd order, or 3rd order
calibration curve.

Continuing Calibration Check
Criteria

All targets <=20% difference from
initial calibration
CCC <= 20% difference from initial
calibration
SPCC >= 0.050
All targets <= 30% difference from
initial calibration, or alternatively,
using analyst judgment, all analytes
must fall on the initial calibration
curve

SW-846 Method 8270: After the CCC and SPCC are evaluated, all target compounds are evaluated for
linearity. If the %RSD is less thqn or equal to 15%, the average response factor can be used for
quantitation. If the %RSD exceeds 15%, the "grand mean" exception can be applied to the ICAL.
Alternatively, a regression curve (linear, quadratic, etc.) may be used for quantitation if the correlation
coefficient or coefficient of determination is greater than 0.99.

8000-series ICAL grand mean exception:
If one or more compounds exceed the %RSD criteria, the average response factors can be used for
quantitation if the average %RSD of ALL of the compounds (the grand mean) in the ICAL is less than-or
equal to 15%.

8000-series CCAL grand mean exception:
If one or more compounds exceed the %drift or %difference criteria, the average response factor from the
initial calibration can be used for quantitation if the average %drift or %difference of ALL of the
compounds (the grand mean) in the CCV is less than or equal to 20%.
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9.4.5 High Performance Liquid Chromatography (LC)

Semivolatile organic compounds (SVOC) are analyzed by three LC protocols: 500-series are primarily for
drinking water, 600-series are primarily for NPDES compliance; and 8000-series are primarily for RCRA
testing. If internal standard calibration is used; relative retention time, as defined in the respective SOPs,
will be used to determine the identification of the target compounds and bracketing by CCV will not be
required unless specified in the method or QAPP. If external standard calibration is used, the absolute
retention time window is calculated as three times the standard deviation obtained from a 72-hour sequence
or default windows of 0.05 to 0.10 minutes are used for compounds where the calculated window is too
restrictive or zero. Bracketing by CCV will be required for external standard calibrations if specified in the
method, SOP, or QAPP.

Initial calibration is performed upon instrument startup and whenever the continuing calibration
verification standard fails the acceptance criteria. A calibration curve is prepared for all target compounds
with.the lowest standard concentration at or below the reporting limit and the remaining standards defining
the working range of the detector. After the initial calibration standards are injected, a calibration curve is
constructed using either internal standard or external standard methodology. The analyst inspects the
curves before proceeding with sample analysis. The correlation coefficient or coefficient of determination
of the calibration curve must be greater fra" or equal to 0.99. An alternative to quantitation from a
calibration curve is quantitation from an average response factor. If the %RSD of the calibration curve is
less than or equal to the acceptance criteria, the average response factor can be used for quantitation. A
midpoint calibration verification standard must be analyzed daily as a check on the validity of the initial
calibration. If the percent difference or percent drift is within the acceptance criteria, the curve is acceptable
for quantitation of samples.

Calibration Check
Initial calibration

standards

%RSD criteria(l).

CCV criteria
(%difference or
%drift)
Frequency of CCV

500-series
3 (as the calibration
range is extended, the
number of points must
be increased)(2)
<=20%

+/- 20%

Every 8 hours

600-series
3

<=10%

+/-10%

Daily

8000-series
5

<=20%
(with exceptions noted
below)

(with exceptions noted
below) '
Every 12 ours

(1) Alternatively, a regression curve (linear, quadratic, etc.) may be constructed. If the correlation
coefficient of the regression curve is greater than or equal to 0.99, the curve may be used for quantitation of
samples.
(2) An alternate single point calibration can be performed if the standard response is within 20% of the
sample response.

8000-series ICAL grand mean exception:
If one or more compounds exceed the %RSD criteria, the average response factors can be used for
quantitation if the average %RSD of ALL of the compounds (the grand mean) in the ICAL is less than or
equal to 20%.

8000-series CCAL grand mean exception:
If one or more compounds exceed the %drift or %difference criteria, the average response factor from the
initial calibration can be used for quantitation if the average %drift or %diflference of ALL of the
compounds (the grand mean) in the CCV is less than or equal to 15%.

External Standard CCV: Samples analyzed by external standard calibration require bracketing by CCV. If
the CCV standard analyzed after the samples fails to meet the acceptance criteria and the response of the
mid point standard is above the criteria (that is the response of the analytical system has increased),
samples which have no target compounds detected above the RL may be reported as <RL, since the
compounds would have been detected if present. (SW-846 Method 8000B).
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9.4.6 Gas Flow Proportional Counter

Initial calibration is performed at instrument start up, following instrument maintenance or a change in
quench gas. Counting voltage is set utilizing a sealed beta source by increasing the voltage through the
detector until the beta plateau region is determined. The amount of cross talk into the alpha channel is then
minimized and the beta count maximized utilizing the discriminator. Counting efficiencies are then
established utilizing the (relatively) pure beta and alpha source standards. These standards are analyzed
daily, and re-calibration is required if their activity count varies 5% or more.

Self-absorption curves are generated at a frequency of once every three months, and the results are plotted
on a cumulative scatter plot curve. Values for self-absorption are then taken from the best-fit curve
generated from this plot and applied to all sample result calculations. Duplicate laboratory control samples
are analyzed with each batch of 20 samples to determine accuracy and precision. Additionally, a matrix
spike and matrix spike duplicate or sample duplicate are analyzed with each batch of samples. Instrument
background counts are also performed daily for use in all sample result calculations for that day.

9.4.7 Radon Flask Counter

Initial calibration is performed at instrument start up or following instrument maintenance. The alpha
plateau region is initially determined utilizing a sealed source alpha emitter. Each radon flask is then
evacuated, filled with helium at atmospheric pressure, and background counted. Their individual
efficiencies are then determined utilizing a standard of known activity. The sealed source alpha emitter is
counted daily, and re-calibration is required if its activity varies by 10% or more.

Duplicate laboratory control samples are analyzed with each batch of 20 samples to determine accuracy and
precision. Additionally, a matrix spike and matrix spike duplicate or sample duplicate are analyzed with
each batch of samples.

9.4.8 Liquid Scintillation Counter

Initial calibration of this instrument is performed at the factory. Following set up and prior to use, the
calibration is verified using unquenched Carbon-14 Standard and background water. Quench curves are
also factory installed.

9.5 Low Level Calibration Check ,

An additional optional continuing calibration check standard at or below the RL (usually lowest level
standard) may be analyzed daily. This check standard is used to demonstrate that the RL can be achieved
and may also be used in conjunction with the calibration check standard for reporting data. If the mid point
CCV standard fails acceptance criteria and a standard at the reporting limit (RL) is analyzed within the
same analytical clock, samples which have no target compounds detected above the RL may be reported as
<RL, if

1) all targets in ht eRL standard are detected at the established retention time
2) the surrogate recovery, if applicable, is within acceptance limits
3) the internal standard area(s), if applicable, is within acceptance limits

9.6 Field Instrument Calibration

Calibration of field instrumentation (conductivity/salinity meters, pH meters, DO meters, and
turbidimeters) is performed in the field prior to use, in accordance with the manufacturers and method
specifications. All calibration data are documented in a bound field notebook.
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9.7 Calibration Documentation

All calibration records including raw data, response factors, standard concentrations, curves, reduced data,
and instrument settings or conditions are stored and archived as hard or electronic copy according to
laboratory standard operating procedures. Current chromatograms, curves, and results transcribed onto
forms are kept at the analysts' workstations and periodically archived into a data storage area. Initial and
continuing calibrations are stored by date for ease of location. All standard ID numbers appear on graphs,
plots, chromatograms, or curves for traceability purposes. SL SOP QC16: Analytical Records Maimsmed
by SL describes the policies and procedures for the archival of raw data and associated QC data.

9.8 Thermometer Calibration and Temperature Checks

Equipment such as refrigerators, ovens, waterbaths, hot plates, and incubators are periodically checked with
calibrated thermometers. Refrigerators and waterbaths are checked daily and the temperatures documented
in a notebook The temperature of microbiological incubators must be checked and recorded twice daily
Sample storage refrigerators should be set to 4 C but must be less than 6C, but must not freeze aqueous
samples. "All thermometers are calibrated annually against an NIST-certified thermometer.

9.9 Balance Calibration

Electronic analytical balances are calibrated daily with internal mechanisms, if available. The calibration of
the balance must be checked dairy by the analysis of two Class S weight that bracket the approximate
weight of material that is being determined The balance must be checked weekly by the analysis of the
weights in Table 9.5 that the lab routinely determines. The daily and weekly calibration checks must be
documented in a bound logbook kept with the balance in accordance with SL SOP AN10.
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TABLE 9.1
LABORATORY INSTRUMENTS AT EACH SAVANNAH LABORATORIES LOCATION

41
TT

6

1 ^

Instrument I Savannah
ICP Units
Mercurv Cold Vaoor Units

'1 12 Atomic Absorption
Furnace/Flame

32 GDMS
60
33

17

17

1

34

6

24

6

3
•c

9
6
6
2
1
1
2
2

Gas Chrcmatoeraohs
Fiams lorozation
Detectors (FED)
Photoionization
DetectorsflPID)
Hall Electrolytic
Conductivity Detectors
(KECD)
Thermal Conductivity
Detectors(TCD)
Electron Capture
DetectorsfEC)
Nitrogen-Phosphorous
Detectors(NPD)
Purge and trap Devices for
Liquids
Purge and trap Devices for
Soils (5035)
TOC Analvzers
IR Soectrophotometers
UV-VIS SpectroDhotometers
Nutrient Autoanalyzers
HPLC Units
Ion Chromatograph
Alpha-Beta Counter
Scintillation Counter
Radon flask Counter
Sealer

3
1
5

Tallahassee Tamoa 1 Mobile '
i ! i i i :
i
•;

16 7
20
12

4

5

1

12

2

12

3

1
2

3
3
2
1

18
8

5

4

1

10

2

8

1

1
1
2
1
4
1

i :
i i -,

4 ; 5
12 10

S 5
\

5

5

6

6

. 1

1
2

3

__
6

2 1

3 |

' 1 -

1 1
1 1

' 2 fl
1 1 1

! i
i

2
2

-
1
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TABLE 9.1 {'
LABORATORY INSTRUMENTS AT EACH SAVANNAH LABORATORIES LOCATION

ilrr

23
11
8
4
9
1
7
21
4
18
8
7
26
11
4

4
11
13
4

Instrument
PH/ISE Meters
DO Meters
Turbidimeters
TOX/AOX Analvzers
Conductivity Meters
Bomb Calorimeter
Analytical Balances
Top Loading Balances
Autoclaves
Waterbaths
Biological Incubators
BOD Incubators
Drying Ovens
Block Dieestors
TCLP (Nonvolatile)
Extractor Tumblers
TCLP (ZHE) Tumblers
Sonicators
Sample Concentrators
Gel Permeation
Chromatograpns (GPCs)

Savannah
12
4
2
3
3
1
2

Tallahassee
4

2

2

2

2
7 5
1
4

2
3
7
5

SL Custom

2
4
4

2

1
7

2
1
9
3

SL Custom

1
i

3
2

Tampa Mobile j
2 3 !
3 2
o -.*• •£ ;

i !i
2 2

1
4

L 1
3
2
1
4
1

SL Custom

2
3

2
5
1

' 4

2
2
6
2

SL Custom

1
3
3

\
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TABLE 9.2

MAJOR FIELD INSTRUMENTS AT EACH SAVANNAH LABORATORIES LOCATION

#

3

9

8

7

4

8

1

Instalment

pH/SC/DO/T Meters

pH/Tenip Meters

Conductivity/
Salinity Meters

DO Meters

Turbidiineters

Water l^vel Meters

Residual Chlorine
Colorimeter

Tallahassee

2-Orion 230A

1-YSI 33

1-YSI51B

1-Hach 16800

l-Slope51453

Savannah

1 -Corning
Checkmate 90

1 -Orion SA-230

1-YSI 33

1-YSI 51B

1-DRT 15C

1-Fisher

Mobile

3-Orion23A, 1-
Orion 290A

2-YSI 33
1 -Orion 120

1-YSI 50B
1-YSI 51B

1-Hach 2 100P

4 -Soli nst

1-Hach Pocket
Colorimeter

Tampa Bay

1 -Corning
Checkmate 90

1 -Orion 23 A

1-YSI 33

2-YSI 50B

1-Hach 16800

1 -Rock test
Model CPKfi
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TABLE 9.3
STANDARD SOURCE AND PREPARATION FOR LABORATORY INSTRUMENTATION

Instrument Group

ICP

AA

Aiitoanalyzer

Ion Chromatograph

UV-VIS Speclropliotometer

Standard
Source

Baker/Spex

Baker/Spex

Fisher
Baker

Fisher
Baker
Mallinckrodl

Fisher
Baker
EM

How Received

Slock
1,000 or 10,000
ppm solutions
Stock
1,000 ppm
solutions

Neat material

Neal material

Neat Material

Source
Storage

Room temp

Room temp

Room temp

Room temp

Room temp

Preparation
From Source

Working std prepped
directly from stock

Intermediate stds
prepped from slocks.
Working stds prepped
from intermediates.
Stock stds prepped from
solids.
Intermediate stds from
stocks.
Working stds from
intermediates
Stock slds prepped from
solids.
Intermediate stds from
stocks.
Working slds from
intermediates.
Stock stds prepped from
solids.
Intermediate stds from
stocks.
Working stds from
intermediates. ,

Lnh Stock
Sloragc

Room temp

Room temp

Room temp

Refrigerator

Used immediately

Used immediately

Refrigerator

Used immediately

Used immediately

Refrigerator

Used immediately

Used immediately

Prep Frequency

Monthly or as needed

Daily

Daily

Monthly

Daily or as needed

Daily or as needed

Monthly

Daily or as needed

Daily or as needed

Monthly

Daily or as needed

Daily or as needed
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TABLE 9.3
STANDARD SOURCE AND PREPARATION FOR LABORATORY INSTRUMENTATION

Instrument Group

IR Spec(rophotometer

Tiirtmlimeter

Conductivity Meter

TOC

pi I Mcler

Ion Seleclive Electrode (ISE)

Standard
Source

Fisher

Hach

YSI or Fisher

Mallinckrodt

Fisher

Baker

How Received

Neat liquids

Standard 4000
ppm formazin
solution
Standard
solution or neat
KCI
NeatKHP

Calibration
buffer solutions
Neat material

Source
Storage

Room temp

Refrigerator

Room temp

Room temp

Room temp

Room temp

Preparation
From Source

Stock sld prepped from
neat liquid.
Working stds from stock.
Working stds prepped
from stock.

Used as is or prepare
from neat.

Stock std from solid
Working std from stock.
Used as is.

Stock std from source.
Intermediate std from
stock.
Working std from
intermediate.

Lab Stock
Storage

Refrigerator

Refrigerator

Used immediately

Room
temperature

Refrigerator
Refrigerator
—

Refrigerator

Refrigerator

Used immediately

Prep Frequency

Monthly

Monthly

As needed to check
Gelex slds

As needed

Monthly
Monthly
—

Monthly

Monthly or as needed

As needed
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TABLE 9.3
STANDARD SOURCE AND PREPARATION FOR LABORATORY INSTRUMENTATION

Instrument Group

TOX

Bomb Calorimeter

GC and GC/MS
(Volatiles)

GC and GC/MS
(Semivolaliles)

HPLC

Standard
Source

Fislier
Parr
Snpelco, Ultra,
Acaistandard,
ChemService,
Baxter, Aldrich,
Restek, NSI

Supelco, Restek,
ChemService,
Crescent Chemical,
Aldrich, Ultra, NSI

ChemService,
Chemical, Snpelco
Accnstandard
Radian
Absolute

How Received

Neat material
Neat tablets
Neat
Solutions
(50-5000 ppm)

Neat
Solutions
(50-10000 ppm)

Neat
1000 ppm
1000 ppm
1000 ppm
1000 ppm

Source
Storage

Room temp
Room temp
Freezer

Refrigerator

Refrigerator

Preparation
From Source

Std from source.
Used as is.
-Stock stds from neat
sources.
-Intermediate slds from
stocks.
-Working standards from
intermediates and/or
purchased solutions.
-Stock stds from neat
sources.
-Intermediate stds from
stocks.
-Working standards from
intermediates.
-Stock stds from neat
sources.
-Intermediate stds from
stocks and/or purchased
solutions.
-Working standards from
intermediates.

Lab Stock
Storage

Room temp
—

Freezer

Freezer

Freezer

Refrigerator
or freezer
Refrigerator
or freezer
Refrigerator
or freezer
Refrigerator

Refrigerator

Refrigerator

Prep Frequency

Monthly
—

-Annually or manufacturer
expiration
-Semi-anmially; monthly
for reaclive compounds
-Weekly

Semi-annnally or annually
as required
Semi-aniiually or annually
as required
Seniiannually or as needed

Semi-annnally

Monthly

Weekly
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TABLE 9.3
STANDARD SOURCE AND PREPARATION FOR LABORATORY INSTRUMENTATION

Instrument Group

Gas Proportional Counter
(alpha/beta)

Radon Flask Counter

Standard
Source

EPA NIST

EPA NTST

How Received

Sealed Source

Stock Soln.

Sealed Source

Stock Soln.

Source
Storage

Room temp
Metal case
Room temp
Foil-lined
cabinet
Room temp
Foil-lined
cabinet
Room temp
Foil-lined
cabinet

Preparation
From Source

Used as is.

Working std, propped
from stock.

Used as is.

Working std, prepped
from stock.

Lab Stock
Storage

Room lernp
Foil-lined cabinet

Room temp
Foil-lined cabinet

Prep Frequency

As needed

As needed
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TABLE 9.4

STANDARDIZATION OF TITRATION SOLUTIONS

Analysis

Acidity

Alkalinity

COD

Chloride

Sulfide

TOC (Soil)

Solution Requiring
Standardization

Sodium Hydroxide (0.02 N)

Sulfiiric acid

Ferrous ammonium sulfale

Silver nitrate

Sulfide working standard

Ferrous sulfate

Standard Identity

KHP

Na2CO3

KzCrA

NaCI

l2/Na2S2Q3

K2Cr2O,

Standard Source

Mallinckrodt

Mallinckrodt

Mallinckrodt

Baker

VWR/Baker

VWR/Baker

Frequency of
Standardization

Will) each batch

Willi each batch (or
purchased certified)

With cacti batch

Wilh each batch
(or purchased certified)

Weekly

With each batch
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TABLE 9.5

BALANCE CALIBRATION CBDECKS

Analytical Balance

Class S Weight

0.01 g

o.i g
0.5 g

1 g

10 g

50 g

Tolerance

± 0.0002 g

± 0.0002 e

i 0.0004 g

± 0.0004 e.

± 0.0005 g

± 0.0010 g

Top-Loading Balance

Class S Weight

0.1 g

0.5 g

1 g

5 g

10 g

50 g

100 g

300 g

Tolerance

± 0.02 g

± 0.02 g

± 0.04 g

± 0.04 g

± 0.05 g

± 0.20 g

± 0.20 g

±0.50g
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10.0 PREVENTIVE MAINTENANCE

10.1 Maintenance Schedule

All Savannah Laboratories facilities are equipped with up-to-date computerized instrumentation, b order tc gain
maximum performance and minimize downtime, regular inspection, maintenance, cleaning, and servicing cf all
laboratory and field equipment is performed according to the manufacturers' recommendations. A maintenance las is
kept for each piece of laboratory and fieid instrumentation, detailing all maintenance performed on the instrument.
Routine repairs and maintenance are performed and documented by the analyst responsible for the particular
instrument. Non-routine maintenance is signed and dated by the analyst or repair technician. Routine xaintenar.ee
procedures for laboratory instrumentation are given in Table 10.1 and each SOP. The frequencies of routine
maintenance procedures for Savannah Laboratories' field instrumentation are given in Table 10.2. The service intervals
listed in Tables 10.1 and 10.2 are as follows: D=daily; W=*weekly; M=monthly; Q=quarterly; SA=semi-annually;
A=armuaily; AN=as needed.

Maintenance contracts are carried for most instrumentation, and close contact is maintained with service personnel to
provide optimum instrument functioning.

An extensive spare parts inventory is maintained for routine repairs at the facilities, consisting of GC detectors, AA
lamps, fuses, printer heads, flow cells, tubing, certain circuit boards and other common instrumentation components.
Since instrumentation is standardized throughout the laboratory network, spare parts and components can be exchanged
among the labs.

10.2 Contingency Plan

In general, each facility has at least one backup unit for each critical unit. In the event of instrument failure, portions of
the sample load may be diverted to duplicate instrumentation within each facility, the analytical technique switched to
an alternate approved technique (such as manual colorimetric determination as opposed to automated colorimetric
determination), or samples shipped to another properly certified or approved Savannah Laboratories location (where
identical SOPs, QA procedures and instruments are utilized). When shipping samples to another fecility, interdivisional
chain-of-custody procedures are followed as given in Section 7.
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TABLE 10.1 I
i

LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE ''
EQUIPMENT ITEM Service Interval

D w M Q SA A i AN

SERVICE LEVEL

ICAP
>ump Tubing
Nebulizer
Filters
Spray Chamber

Quartz Torch
>Shaped Mirrors

X

X

X

X

X
X

Change.
Clean.
Inspect monthly, clear, or replace as needed. ;
Clean.
Clean and realign.
Inspect monthly, clean or replace as needed.

SMTTH-fflEFTJE FURNACE AA SPECTROPHOTOMETER
Sapphire Window
Flow Rate

Graphite Tube
Quartz Windows
Contact Rings and Plates
Filters

X
X

X
X

X

X

Remove and clean.
Check.
Replace.

Clean.
Clean daily, replace if worn.
Inspect monthly, clean or replace as needed.

ZEEMAN FURNACE AA SPECTROPHOTOMETER
Sampler syringe
Graphite Tubes
Graphite Electrodes
Quartz Windows

X
X

X
X

Check for air daily, flush syringe as needed.
Inspect daily, replace as needed.
Inspect quarterly, replace if worn.
Remove and clean.

LEEMAN PS200 MERCURY ANALYZER AND AUTOSAMPLER
Pump Tubing
Standard Cup-
Drying Tube
Mixing Coil
Sample Probe
Mercury Lamp

X
X
X

X
X

X

Inspect daily, replace as needed. ,
Inspect daily, replace as needed.
Repack daily at a minimum.
Inspect weekly, clean or replace as needed.
Inspect monthly, clean or replace as needed.
Clean or replace.

LEEMAN AP200 PREP STATION
Auto sampler
Tubing
Bottle Caps
Dispenser
Water Bath

X

X

X
X

X

Clean and oil rails.
f

Inspect semi-annually, replace as needed.
Inspect quarterly, replace as needed.
Inspect semi-annually, replace as needed.
Clean.
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TABLE 10.1

LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE

EQUIPMENT ITEM Service Interval SERVICE LEVEL

D I W M I Q j SA AN
CEM MDS 2100 MICROWAVE
Pressure Control System \ X i j
Cavity and exhaust
Door

X
X

Flash. jj
Clean.

j Insoect seals and locks. jI ' l|
CONTINUUM FURNACE AA SPECTROPHOTOMETER
Quara Windows | X
Graphite Tubes
Contact Rings

Filters
}2 Arc Lamp
TURBIDIMETER
CONDUCTIVITY METER

pH METER

X
X

X

X
X

X

X

Remove and clean.
Inspect daily, replace as needed.
Clean daily and replace if worn.
Inspect monthly, clean or replace as needed.
Adjust or replace.
Standardize against formazin.
Replatinize cell when 1 umho/cm range exceeds
90-100%, and when erratic readings cannot be
corrected.
Clean or replace probe.

TOX ANALYZER
Pyrolysis Tube
Electrodes
Electrolytes X

X
X

Clean or replace.
Clean.
Replace.

ION CHROMATOGRAPH
Separator Column
Guard Column
Pump Pistons
Conductivity Cell

X
X

X
X

Clean.
Clean. <
Inspect
Clean.

AUTOANALYZER (TRAACS/LACHAT)
Pump Platen
Pump Tubes
Flow Cell
BLOCK DIGESTOR
UV/VIS
SPECTROPHOTOMETER
ION SELECTIVE ELECTRODE
BOMB CALORIMETER

X
X

X
X
X

X
X

Replace.
Replace.
Inspect and clean.
Check calibration. ,
Check for wavelength verification.

Polish electrode.
Replace seals.
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TABLE 10.1 jj

LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE

EQUIPMENT ITEM Service Interval

I D w M Q SA A AN

SERVICE LEVEL |j

AUTOCLAVE ;
Pressure Verification

)rain Autoclave

Temperature Verification

Cleaning

Times
Seals

X

X

X

X

X
X

Check and document; replace gauee or seals as :!
needed.
Visually inspect for leaks and signs of
degradation.
Check with autoclave thermometer; document;
replace thermometer as needed.
Wash with soapy water, visually inspect for
leaks and degradation.
Check with stop-watch; replace as needed.
Visually inspect and replace as needed.

TOC ANALYZER
Catalyst
Meters (Internal)
Detector Windows
Humidifiers
Syringe

X
X

X

X

X

Replace.
Check against internal flow meter.
Check and clean.
Fill levels.
Perform zero point calibration.

GAS CHROMATOGRAPH - SEMIVOLATILES
Autosampler System

Septa
Column/Injector

Gas Cylinder

Hydrocarbon/Moisture Trap

X

X

X

X

X

Syringe and tubing cleaned.
Needles and tubing replace.
Replace as needed.
Change sleeve and cut front of guard column.
Replace as needed.
Inspect daily, change when pressure reads <500
psi.
Replace.

GAS CHROMATOGRAPH - MASS SPEC SEMIVOLATILES
Column/Injector
Septum
Gas Cylinder

Hydrocarbon/Moisture Trap
Splitless Disc
Autosampler

Rough Pump
Mass Spectrometer

X
X

X

X
X
X

X
X

Change sleeve and cut front of column.
Replace as needed
Inspect daily, change when pressure reads <500
psi.
Replace.
Replace.
Syringe and tubing cleaned. Needles and
tubing replaced.
Oil changed by HP service.
Clean.
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TABLE 10.1
LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE

EQUIPMENT ITEM

Tape Head
Tape Drive

Service Interval
D \V M

1

Q SA A AN

X
X

SERVICE LEVEL

Clear..
Clear..

GAS CHROMATOGRAPH - VOLATILES

Column
Septum
Gas Cylinder

I
Hydrocarbon/Moisture Trap

X

X
X

X

Replace.
Replace as needed.

Inspect daily, change when pressure reads <500
psi.
Replace.

GAS CHROMATOGRAPH - MASS SPEC VOLATILES
Column
Gas Cylinder

Hydrocarbon/Moisture Trap
Rough Pump

Gas Manifold

Tape Head
Tape Drive

X

X

X

X
X

X
X

Replace.

Inspect daily, change when pressure reads <500
psi.
Replace.
Oil change by HP service.
Inspect daily, change when pressure reads <500
psi.
Clean.
Clean.

GAS CHROMATOGRAPH - SCREENING FOR VOLATILES
Autosampler

Septa
Column
Gas Cylinder

Hydrocarbon/Moisture Trap

X

X

X

X

X

Syringe and tubing cleaned.
Needles and tubing replaced.
Replace as needed.
Replace.
Inspect daily, change when pressure reads <500
psi.
Replace. '

GAS CHROMATOGRAPH - DAI
Autosampler

Column
Septa
Gas Cylinder

Hydrocarbon/Moisture Trap

X
X

X

X

X

Syringe and tubing cleaned.
Needles and tubing replaced.
Replace.
Replace as needed.
Inspect daily, change when pressure reads <500
psi.
Replace.

GAS CHROMATOGRAPH - MASS SPEC AIR ANALYSIS
TDC Detector
Gas Cylinder

Hydrocarbon/Moisture Trap

X

X

Inspect daily, change when pressure reads <500
psi.
Replace.
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: TABLE 10.1
i !

LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE

EQUIPMENT ITEM

•ilameru

njector Loop

Column

Service Interval

D W
X

X X

M Q SA A AN

X

SERVICE LEVEL

Checked for proper temperature when anaivsis
required.
Change daily for analysis of asnospheric gases.
Change weekly for analysis of non-
atmospheric gases.
Replace.

Mass Spec
Cryo-column
Septa
Column
lough Pump
vlass Spectrometer

X
X

X
X
X

Inspect for breaks.
Replace as needed.
Replace. 1
Oil change by HP service representadve. 1

Clean.
PURGE AND TRAP
Sorbent Trap
Purge Flow X

X Change.
Inspect semi-annually. Adjust as needed.

HPLC SYSTEMS
Pumps

Pump Seals
Column
Detector Fittings
Detector Optics

Autosampler

X

X
X

X

X

X

Pressure check daily, change guard column as
needed. Visual leak check daily.
Inspect seals quarterly, replace as needed.
Pressure check. Visual leak check.
Visual leak check.
Remove and inspect filter quarterly, clean or
replace as needed. <
Check seal pack for leaks.

ZYMARK EXTRACT CONCENTRATOR
Baih
Temperature Verification
Sensor Diagnostic Test

X
X
X

Change water and scrub bath; dust outside.
Verify bath temperature and adjust.
Check each position and adjust.

TENNELEC LB5100
Sample Change

Detector

Detector gas

X

X

X Inspect moving parts quarterly, lubricate as
needed.
Inspect for proper operation and response.
Serviced by manufacturer only.
Inspect monthly, change tank when pressure
reads <500 psi. Allow new tanks to dissinate
radon for two weeks before use.
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TABLE 10.1
LABORATORY EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE

EQUIPMENT ITEM

Flow Mete:

BECKMAN LS6500
Liquid Scintillation Counter

LUDLUM MEASUREMENTS
2000

LUDLUM MEASUREMENTS
182

Service Interval

X

X

X

X

SERVICE LEVEL

Inspect for proper operation.

Inspect for proper operation pr.or to use
Serviced by manufacturer cniv.

Inspect ror proper operation pr.o: :o use.
Serviced by manufacturer only.

Inspect push rod for high voltage encasement.
Inspect instrument noise level without flask.

TCLP EQUIPMENT
Volatile Rotator

Semivolatiles/Metals Rotator X
X Check rotation.

Check rotation.
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TABLE 10.2 i
.!

HELD EQUIPMENT PREVENTIVE MAINTENANCE SCHEDULE

EQUIPMENT ITEM

TURBIDIMETERHACH 16800/DRT-
15C

CONDUCTANCE METER YSI 33

pH METER

CORNING CHECKMATE 90
pH/SC/DO/T1 METER

YSI MODEL 50B/5IB DISSOLVED
OXYGEN METER

WATER LEVEL INDICATOR

Service Interval

D

X

X

X

X

X

X

w M Q A

SERVICE LEVEL

Inspect daily prior to sampling and replace cell as needed.

Inspect daily, replarinize cell as needed.

Inspect daily prior to sampling, add filling solution as
needed.

Inspect probe, membrane, battery daily prior to sampling.
Change pans as needed.

Inspect probe daily prior to sampling, change as needed.

Inspect probe and meter prior to use at every well.
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11.0 QUALITY CONTROL CHECKS AND ROUTINES TO ASSESS PRECISION AND
ACCURACY AND CALCULATIONS OF METHOD DETECTION LIMITS

The key to a successful QA/QC program is strict adherence to the program during all phases of the
project, including pre-sampling discussions; sample collection, preservation, storage and analysis; and
validation and reporting of results. Field and laboratory quality control checks, which are par: of each
sampling trip and laboratory analysis, meet or exceed all agency requirements. Without the prcDer cuaiity
control procedures, analyst and method performance cannot be measured.

If project-specific quality assurance plan (QAPP) QC requirements are more stringent than the general
procedures given below, QAPP requirements are followed.

11.1 Field QC Checks

Savannah Laboratories recommends to their clients that proper control procedures meet or exceed the
appropriate regulatory agency field QC requirements.

Blanks, which are collected in the field, are an important link in the quality control data chain for a set of
samples. The analytical data derived from these blanks are necessary to assess field-sampling operations.
These blanks are used to verify that sample containers, preserving reagents and equipment are
contaminant-free. Blanks are also used as a check for potential on-site environmental contamination, to
evaluate personnel expertise in sample collection, and to reveal problems that may occur in sample storage
and transport.

The field quality control blanks should not be isolated from actual samples. They must be considered as
samples and treated identically (preserved with the same reagents, stored and transported in the same
containers as the samples, etc.).

The types and frequency of blanks should be included in all quality assurance plans. In cases where data
quality objectives dictate more stringent controls, additional field quality control blanks may be required.
The following protocol outlines the minimum field blank requirements necessary to assure the validity and
integrity of any sampling episode.

Field QC check samples will be analyzed according to the client's instructions and invoiced as samples.
Since field QC check samples are usually liquids, they are prepared and analyzed by liquid procedures and
reported as liquids. However for batching purposes, unless requested by clients or required by a project
specific QA plan, lab QC deliverables are not provided for field QC check samples. Liquid QC samples
are batched with soil samples for methods where preparation procedures are the same for both matrices
(i.e., volatiles, cyanide, etc.).
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11.1.1 Trip Blanks

PURPOSE: The trip blank is to be used when sampling for volatile organics. The purpose is to
determine if contamination has occurred as a result of improper sample container cleaning, contaminated
blank source water, sample contamination during storage and transportation due to exposure to volatile
organics (e.g., gasoline fumes) and other environmental conditions during the sampling event.

PREPARATION: Trip blanks are prepared prior to the sampling event either by the laboratory'
providing sample containers, or by field team personnel who are responsible for the initial preparation of
sample containers and field equipment. The water must be free of volatile organic contaminants. Ar.y
appropriate preservatives must be added at the time that the blanks are prepared. The sample containers
are sealed, labeled appropriately, and transported to the field in the same sampling kits as the sample
\ials. These blanks are not to be opened in the field. They are to be transferred to the sample container
designated for volatile sample storage, and transported with the samples to the laboratory.

FREQUENCY: One trip blank for each volatile organic analysis (601, 602, 624, 8021, etc.) should be
provided per cooler used for storing and transporting volatile sample vials. If a laboratory requires
submission of multiple vials for a method, the same number of vials must be submitted for the trip blank.

11.1.2 Field Blanks

PURPOSE: Field blanks are used to evaluate the effects of on-site environmental contaminants the
purity of reagents used as preservatives or additives, and the general sample collection techniques. Field
blanks are recommended for all parameters but are not mandatory.

PREPARATION: Field blanks are prepared on-site by filling the sample container(s) with analyte-rree
water, adding preservatives, sealing the containers and completing the appropriate documentation. The
field blanks must be handled in the same planner as the sample group for which it was intended (i.e.,
blanks must be stored and transported -with the sample group).

FREQUENCY: One field blank per parameter group per day or at a frequency of 5% of the samples in
the parameter group per day, whichever is greater.

11.1.3 Equipment Blanks

PURPOSE; Equipment blanks are recommended if sampling equipment is field-cleaned. These blanks
are used to^etermine the effectiveness of field cleaning procedures as well as to reveal those sources of
contamination that may be found in a trip blank. Equipment blanks must be collected and analyzed for all
parameter groups and matrices.

PROCEDURE: The final rinse water (analyte-free) shall be rinsed on or through the sampling
equipment, whether pre-cleaned or field cleaned, collected, and placed in appropriate preserved
containers. These blanks must be stored and transported with the samples.

FREQUENCY: When less than five samples of a similar matrix are taken, one equipment blank
prepared on-site for pre-cleaned or field-cleaned equipment should be collected and analyzed for each
parameter. When five to ten samples of a similar matrix are taken, one equipment blank should be
collected on field-cleaned equipment or one on-site blank should be collected in pre-cleaned eauiprnent if
no equipment is cleaned in the field.
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For sampling events involving ten or more samples, a minimum of one blank should be taken on pre-
cleaned equipment or at the rate of 5% (whichever is greater) of the samples in each analyte group for all
matrices. One blank should be taken on field-cleaned equipment cr at the rate of 5% (whichever is
greater) of the samples in each analyte group for all matrices.

11.1.4 Field Duplicates

Field duplicates are taken, analyzed, reported and invoiced as required. A minimum of one duplicate for
10% of samples should be taken for all parameter groups and matrices to be collected and analyzed.

11.1.5 Field QC Summary

The recommended frequency of field blanks and duplicates is summarized below:

No.
Samples

10+

5-9
<5

Pre-cleaned
Equipment Blanks

Minimum of one, then
5%
One*
One*

Field-Cleaned
Equipment Blanks

Minimum of one,
then 5%
One*
One*

Trip Blank
(VOCs)

One per cooler

One per cooler
One per cooler

Duplicates

Minimum of one. then
10%
One
Not required

* Note: For nine or fewer samples, one equipment blank is recommended from either pre-cleaned or
field-cleaned equipment.

If any equipment is cleaned in the field, the blank should be taken from the field-cleaned equipment.

11.2 Laboratory QC Checks

The<"laboratories employ control samples to assess the validity of the analytical results. Determination of
the validity of sample results is based on the acceptance criteria being met by the control samples. The
acceptance criteria for each type of control sample are defined in the appropriate SOP. These acceptance
criteria are per method requirements or calculated annually from historical data. *
Matrix spike results will be utilized for laboratory control when specified by the method. If matrix spikes
are out of control, or control is based on laboratory control standards (LCS), then LCS results and method
control criteria will ultimately be used to accept or reject the analytical batch. Clients are requested to
provide sufficient sample for matrix spikes and are invoiced for matrix spikes.

For CLP protocols or other cases (i.e., when mandated by client or project specific QAPP) where "sample
specific" (non-batch) QC is required, matrix spike/duplicate analysis will be conducted on replicate
samples provided by the client. In all other cases, matrix spikes will be on a batch-specific basis (not
client-, project- or sample-specific basis).

When possible, aliquots for matrix spikes are taken from the same container as the field sample. In some
cases with liquid samples, this is not possible, i.e., semivolatile extractables, oil and grease, TPH, etc.
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The control samples are analyzed in the same manner as the field samples. QC check samples include the
following and are analyzed on an analytical batch frequency unless otherwise stated.

• Quality control check samples are analyzed in duplicate semiannually. These samples are
analyzed as blind samples (e.g., WP and WS studies). See section 14.3.1.

• Quality control check standards are analyzed at a frequency equivalent to 5% of the samples in
the analytical batch (or at a minimum of one in every 20 samples) in order to verify the analysis.

• Continuing calibration standards are analyzed at a frequency equivalent to 5% of the samples in
the analytical batch (or at minimum of one in every 20 samples). Alternatively, the Quality
Control check standard may be used to satisfy this requirement. At least one of the checks is a
standard at a concentration of 1 - 2 times the laboratory practical quantitation limit (PQL) or
reporting limit (RL).

An analytical batch is defined as a group of field samples which are processed as a unit. If the number of
field samples in the group is greater than 20, each group of 20 samples or less is handled as a separate
batch.

Other QC check samples are analyzed for performance evaluations or as part of internal or external audits
as given in Section 14. 'j':•••••••••'•'•*'••

If QAPP or agency QC requirements are more stringent than: the""•general procedures given below, QAPP
or agency QC requirements are followed. . • • . - - - • . : . .

11.2.1 Organics

Method Blanks: A method blank will be analyzed for each batch of samples.

Lab Control Standards: A blank spike or lab control standard (LCS) will be processed and analyzed (per
method requirement) with each batch of samples (except for CLP protocols and other methods which do
not require an LCS). For drinking water samples, analyte spike concentrations will be at or near reporting
limits as specified for lab-fortified blanks in the 500 series methods. A lab control standard duplicate
(LCSD) will be prepared and analyzed if sufficient sample is not supplied for the MS/MSD or duplicate.

Surrogates: Appropriate surrogate(s) (see Tables 5.1 and 5.2) will be added to all samples, standards and
blanks.

Matrix Spikes: Matrix spikes will be analyzed at a frequency of 5% of samples. If a method does not
specify matrix-spiking compounds, the SW-846 or CLP matrix spiking compounds will be used.
Appropriate matrix spikes will be used for other chromatographic methods in which matrix spikes are not
defined. Matrix spikes containing all method-specified compounds should be analyzed monthly to
generate accuracy and precision limits.

Matrix Spike Duplicates/Sample Duplicates: Duplicate samples or matrix spike duplicates will be
analyzed at a frequency of 5% of samples. In cases where duplicate matrix spikes are used, precision data
are obtained on only the matrix spiking compounds.

NOTE: Unless requested by the client, matrix spikes are not routinely performed on TCLP, SPLP,
EPTOX., or waste dilutions.
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Full List Spikes: For projects that require spiking a laboratory control sample (LCS) or matrix spike
(MS) with all target compounds, re-extraction and/or re-analysis of the samples in the batch will not be
performed if:

1) The recoveries of no more than one (1) compound when 5 to 10 compounds are spiked, two
(2) compounds when 11 to 20 compounds are spiked, three (3) compounds when 21-30
compounds are spiked, or five (5) compounds when more than 30 compounds are spiked are
determined to be outside the control limits, and recoveries for all spiked compounds are
positive. When <5 compounds are spiked, all compounds should be within control limits.

2) The recovery of a spike exceeds the upper control limit (UCL) and the compound is
not detected in any sample in the analytical batch.

As indicated in Methods 8260 and 8270, the following compounds have erratic recoveries under the
routine conditions of the preparation and analytical procedures and will not be evaluated for corrective
action nor included in the count (1) above if included in the LCS or MS:

VOC: Acrolein
Benzyl chloride
Carbon disulfide
2-chloroethyl vinyl ether
Pentachloroethane

SVOC: Aniline
Benzidine
Benzole acid
Hexachlorocyclopentadiene
Hexachlorophene
Kepone
Alpha, alpha-Dimethylphenethylamine
Methapyrilene
4,4-Methylbis(2-chloroaniline)
p-Phenylenediamine

The above guidance is to used as the default for evaluation of full target spikes in organic analyses unless
other corrective actions are defined in a project-specific quality assurance plan or in an SL pre-project
plan.

11.2.2 Inorganic and General Chemistry

Calibration Blanks: Calibration blanks are non-digested blanks which are analyzed at a frequency of
10% of samples.

Method Blanks: Method blanks should be processed and analyzed with each batch of samples of the same
matrix.

Lab Control Standards: A blank spike or lab control standard will be processed and analyzed with each
batch of samples (except for CLP protocols and other methods which do not require an LCS). A lab
control standard duplicate (LCSD) will be prepared and analyzed if sufficient sample is not supplied for
the MS/MSD or duplicate.
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Matrix Spikes: Matrix spikes will be analyzed at a frequency of 5% of samples.

Matrix Spike Duplicates/Sample Duplicates: Duplicate samples or duplicate matrix spikes will be
analyzed at a frequency of 5% of samples.

NOTE: Unless requested by the client, matrix spikes are not routinely performed on TCLP, SPLP,
EPTOX., or waste dilutions.

11.2.3 Microbiology

Quality control checks are routinely performed for all microbiological analyses. Strict requirements for
the lab-generated deionized water must be met before it can be used in any testing. Each monitored
parameter, its monitoring frequency, and its acceptance limits is as follows: residual chlorine, monthly, <
I.0 mg/L; trace metals (total Cd, Cr, Cu, Ni, Pb, Zn), annually, < 1.0 mg/L, individual metals < 0.05
mg/L; conductivity, daily < 2.0 umho/cm; heterotrophic plate count, monthly, < 500 CFU/mL; inhibitory
residue, annually or for each new lot of detergent, less than 15% difference between groups; suitability,
annually, ratio between 0.8 and 3.0.

Other laboratory QC practices are utilized to provide accurate microbiological results. Positive and
negative microbiological controls are run with each new lot of medium. Autoclave tape is used to ensure
proper sterilization of sample containers, media, etc. Incubators are maintained at 35 ± 0.5° C and water
baths at 44.5 ± 0.2° C. Thermometers used for these monitoring purposes are calibrated annually against
an NIST-certified thermometer. Other equipment, such as the dissecting microscope and colony counter,
is maintained in clean operating condition at all times.

Microbiological samples are analyzed in duplicate at a rate of 10% of positive samples. A positive control
sample is analyzed with each batch of coliform samples. A negative control is analyzed at least monthly.
Additionally, all drinking water samples positive for total colifonn must be confirmed. For environmental
samples, 10% of samples positive for total coliform must be confirmed. A completed test for MPN
analysis must be performed on 10% of all confirmed samples or at least quarterly.

Blanks are routinely analyzed with microbiological samples. For membrane filter analyses, isterile
.dilution water blank is run initially, after every 10 samples, and at the end of each analytical run. For
MPN analysis, sterile dilution water is added to a lauryl tryptose broth tube for a blank for each analytical
run.

II.2.4 Radiochemistry

Background Count: Background counts are obtained at a frequency of once per day for gross alpha,
gross beta and radium 228; and determined for each flask prior to sample introduction for radium 226.

f

Method Blanks: Method blanks are analyzed at a frequency of 5% of samples of the same matrix.

Lab Control Standards: Lab control standards are analyzed with each batch of 20 samples of the same
matrix.

Matrii Spike/Matrix Spike Duplicate or Sample Duplicates: These are analyzed with each batch of 20
samples of the same matrix.
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11.3 Routine Methods Used to Assess Precision and Accuracy

A system for assessing precision and accuracy through tabulation (manual or electronic) is initiated for
each parameter upon method validation. Control calculations are based on procedures in The Handbook
for Analytical Quality Control in Water and Waste-water Laboratories (EPA, 1979) and contain both
"warning limits" (+ 2 standard deviations) control charts and "control limits" (± 3 standard deviations).
Control limits are updated annually for all parameters. A minimum of ten data points is used to update
these limits. Formulas used for calculations of precision and accuracy are provided in Section 5.0.

11.4 Method Detection Limits and Reporting Limits

Method detection limits (MDLs) are detennined annually in accordance with the procedures in SW-846
and Appendix B of 40 CFR Part 136. This procedure includes analyzing seven or more (40 CFR Pan
136) or a minimum of three (SW-846 Chapter One) prepared spikes or standards in reagent water at
levels 3-5 times the estimated detection limit. The standard deviation of the replicate measurements is
calculated, and the MDL is computed by multiplying by the appropriate Student's t value (n-1 degrees of
freedom) for the appropriate 99% confidence level (for seven replicates, t = 3.14).

The MDL calculated by the procedure described above is defined as the minimum concentration of a
substance that can be measured in reagent water and reported with a given confidence that the analyte
concentration is greater than zero. SL makes no claim that the MDLs detennined by this statistical
procedure are obtainable in environmental samples.

For other protocols (i.e., Contract Laboratory), other procedures are used to estimate detection limits.

Since MDLs are based on the analyses of standards in reagent water, they may not be useful in reporting
data for environmental samples; therefore, practical quantitation limits (PQL) or reporting limits (RL) are
typically used for reporting a non-detected parameter. Reporting limits are defined as the lowest level that
can be reliably achieved within specified limits of precision and accuracy during routine laboratory
operating conditions and are detennined to be the lowest concentration standard or the sample equivalent
of the lowest concentration standard in the initial calibration.

The method detection limits and reporting limits are determined annually by the Corporate QA Manager
in conjunction with Corporate Management and the division laboratory directors, laboratory managers,
and QA Officers, from the data submitted by the four Savannah Laboratories' divisions.

Reporting limits for radiological analyses are from recommended values in EPA 40 CFR Chapter 1 (7-1-
93 Edition) Section 141.
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12.0 DATA REDUCTION, REVIEW, AND REPORTING

12.1 Introduction

In order to provide the highest quality- data possible, an extensive system for sample custody, data reduction, review, and reporting
has been implemented.

12.2 Sample Custody

Upon receipt of the samples, the custody forms are checked against the sample identifications listed on the containers by the custody
technicians, and a unique SL log number is assigned to each sample group. Any discrepancies are noted, including cooler
temperatures, broken bottles and/or misidentified samples. Clients should be immediately notified if discrepancies exist.

After receipt, the samples are delivered to the appropriate laboratory sections where the samples are checked for proper preservation
and this information is recorded in bound notebooks when applicable. When necessary, the samples are then stored in refrigerators
that are monitored for temperature.

12.3 Organization and Initiation of Sample Analyses

The key to Savannah Laboratories' sample flow, analysis, data/QA review, archiving, and reporting system is the single LIMS
network which controls the day to day production of the laboratories. This system, which is summarized in Figure 12.1, provides
project managers, QA personnel, and all analysts immediate information on the status of any sample in all five facilities. This
system schedules and prioritizes all work, provides a mechanism for sample tracking, review of reportables and QC data, generation

" reports and invoices, and archiving of all reports and associated QC data. The policies and procedures for the LIMS and other
.nputer systems are described in the current revision of the Savannah Laboratories' Software Quality Assurance Plan.

Upon receipt of custody forms, the project manager instructs data management personnel to log the sample analysis request and
identification into the LIMS. The LIMS is based on an ADDS Mentor 7000 computer (NCR) which talks the laboratories via
telephone multiplex. This enables any project manager, section manager, QA manager, laboratory director, or analyst with authority
to access and check the status of all projects.

If special handling or data packaging is required, the QA department and the laboratory receive copies of the custody forms and
computer acknowledgments or a preprqject plan. A sample delivery group (SDG) sheet is established and distributed to all affected
departments including the various laboratory analysts, project managers, and section managers.

After the sample analysis request is logged into the LIMS and approved, the LIMS generates worksheets which are printed and
distributed.

12.4 Sample Analysis and Data Reduction

Through the use of the worksheets and/or SDG sheets, the samples are prepared following the procedures given in each of EPA's
approved methods. The preparation information is recorded in signed notebooks throughout the laboratory.
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12.4.1 Data Reduction

Most sample concentration results are read directly from instrumentation without funher reduction or calculations. Dilution factors
are applied upon the dilution of samples having concentrations above the calibration range.

In many cases, these are input into the instrument computer and correct results are calculated automatically. In other cases, a
manual calculation may be made. Soil/solid waste concentration results for all laboratory sections are calculated on a dry weight
basis, prior to reporting, by dividing the instrument result by the fractional dry weight.

Other than the cases discussed above, data obtained by the following method/instrument are directly reponable: GC, GC/MS,
metals, general chemistry automated colorimetry, TOC, DO, turbidity, and pH.

Data from methods requiring reduction prior to reporting include titrimetric methods, BOD, COD, conductivity, manual UV/VIS/IR,
residue, TOX, and radiochemical parameters.

Table 12.1 gives equations used in computer-controlled instrumentation for data reduction as well as equations used for the manual
calculation of reportable concentration results.

The laboratory raw data containing the instrument-generated reports, manually calculated results, and all supporting preparation,
calibration, and analytical data are retained at the individual work stations until reports are issued unless additional handling or data
packaging is required.

All pH and conductivity meters should be temperature compensated. Cell constants for field conductivity meters are determined by
laboratory personnel annually as given in Section 9.4.2. Field conductivity is calculated as given in Table 12.1. All other field data
are read directly from instrumentation.

Bound field notebooks are used for documentation of required data reduction. Calculations are recorded in waterproof ink.

12.4.2 Chromatograpbic and Data File Identification

Chromatograms and data files are given a unique alphanumeric identification by the chemists initiating the analyses in each section
where appropriate. These file identification numbers reflect either the date the sequence was initiated (GC sections), the order in
which the samples were analyzed (GC/MS sections), and/or the sample identification and log numbers given by the client and listed
on the LIMS.

12.5 Data Transfer and Review

12.5.1 Data Transfer to LEWS

The analytical results are entered on the department worksheets after review or by direct electronic transfer from the instrument data
system. After the data are entered into the LIMS, they are checked against the information entered into the LIMS for transfer errors
and anomalies.



Section 12
Revision 0
Date: 01/99
?ase 3 of 12
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TABLE 12.1

SUMMARY OF EQUATIONS USED IN CALCULATIONS

Equations

:N/A Extractables by GC/MS [Internal Standard Method f625 and 82701]

"••£•£

RRFs = relative response factor of standard
A, = area of standard (area counts)
A,, = area of internal standard (area counts)
C,3 = concentration of internal standard (ug/ml)
C, = concentration of standard (ug/ml)

A C V
Water cone (ugll) = — x — £_ x _/ x DF

V, z final extract volume (ml)
V, = initial sample volume extracted (L)
DF = dilution factor

A C V i
Soil cone, (ug/kg} * — - x — £_ x — L x ——— _J ———— x DF

Ww « weight of sample extracted (Kg)

Resorting Units
Liquid

ug/L
(or mg/L)

i

Solid

ug/Kg
(or mo/Kg)
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TABLE 12.1

SUMMARY OF EQUATIONS USED IN CALCULATIONS

Equations Reoortina Units
VOCs by GC/MS and GC Solid

A W
Relative Response Factor (RRF^) - — x ——

^js Ws

A,
A,
W»
W,

- area of standard (area counts)
= area of internal standard (area counts
= weight of internal standard (ug)
= weight of standard (ug)

DF
V*

A W
Water cone. (ug!L) = —- x fl

• dilution factor
> sample volume purged (L)

A WSoil cone, (ug/kg-dw) = — x —£_ x

DP

1
IS RRF (%solids x 0.01)

_ W.,1 g Weight of sample purged (Kg)

UC/L
(or mg/L)

ug/Kg
^or mo/Kg)

PestfcidBS/PCBa and Other GC Procedures Liquid Solid

Response Factor = "* o
peak area

Water cone., (uglL) = RFt x peak area -x -L x ——
V V

V,
V,

= initial sample volume (L)
• final extract volume (ml)
* injection volume (ml)
= dilution factor

Sediment cone., (ug/kg-dw) = RF x peak area

^»i = weight :f sample extracted (Kg)

ug/L
(or mg/L)

ug/Kg
(or mg/Kg)
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TABLE 12.1

SUMMARY OF EQUATIONS USED IN CALCULATIONS
j

Eauations Reportina Units

Metals Llauid

, Y
Water cone. (mg/L} = y ~ * f * DF

m Vt

y = absorbance,pi
b = y intercept from calibration curve (absorbance)
m * slope from calibration curve (absorbance/(mg/ml)
V, = volum of digest (ml)
V, = volume of sample (L)
DF = dilution factor

Soil cone, (mg/kg-dw) = ? ~ " x — L. x ________ x DF
m W^ (%solids x 0.01)

W^, = weiont of sample (Kg)

UV/VIS and IR Procedures

Water cone. (mg/L) = y- * -^ x DF
m Vf

y * abso.'bance^
b =y intercept from calibration curve (absorbance)
m « slope from calibration curve (absorbance/(mg/ml)
V. « final digest volume (ml)
V, = volume of sample (L)
OF s dilution factor

Soil cone, (mg/kg-dw) = ^ —— x — L. x —————————— x £>/•
m W^ ('Asolids x 0,01)

W^ = weight of sample (Kg)

ug/L
(or mg/L)
mg/L
(or ug/L)

Liquid

mg/L

Solid

ug/Kg
(or mg/Kg)
mg/Kg
(or ug/Kg)

Solid

mg/Kg

-
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TABLE 12.1

SUMMARY OF EQUATIONS USED IN CALCULATIONS

Equations

Genera! Titrimetric Procedures

Analvte. ma/L = N^x liter xeq. wt x 1000
Vol. of sample titrated

BOD

BOD. mq/L = flnL DO - Final DO} - Seed Correction Factor
Vol. fraction of sample

f

COD. ma/L = (?lk liter - samole titert x NFA<i x 8000
Vol. of sample, mL

Conductivity

Cell constant = 1000
Observed conductivity of 1000 - pS/cm std.

Residue

Residue. mq/L = Total wt. - Wt. of dish or filter
Vol. of sample, L

TOX

TOX, ug/L = (C, + C, - 2C,) x 1 000 mL
Vol. of sample

C., = instrument reading of 1 column
32 = instrument reading of 2 column
C3 = instrument reading of blank column

TOX, ma/ka = instrument readina x 5
pL injected dry wt. fraction

ReportingJJnits

Liquid

mg/L

Liquid .

mg/L

Liquid

mg/L

Liquid

uS/crn ,

Liquid

mg/L

Liquid

mg/L

Solid

mg/Kg
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TABLE 12.1

SUMMARY OF EQUATIONS USED IN CALCULATIONS

Equations

Gross Alpha, Gross Beta

Gross a cr J3 = (com samole - com backcroundl (1000}
(2.22)(E1)(sample volume in mL or sample mass in mg)

E, = counting efficiency

Countina error = (A+ B)*(1.96) (1000}
(2.22)(E,)(sample volume in mL or sample mass in mg)

A = gross counts/(count time in min)2
B = background counts/(count time in min)2

Radium 226

C * zt
Ra-226 = 3

C = net count rate
E = calibration constant for system and scintillation cell
V = sample volume in liters
t, = elapsed time (days) between first and second de-emanations, and z = 0.181

days'1
tj = elapsed time (h) between second de-emanation and counting, and z = 0.00755

h"1

{3 = counting time (min), and z = 1 .26x1 0"1 h"'
z = decay constant for Radon 222

Reporting Units

Liquid

pCi/L •

Liquid

pCi/L

1

Solid

pCi/g

r
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TABLE 12.1

SUMMARY OF EQUATIONS USED IN CALCULATIONS

Equations Reporting Units

Radium 228 Liquid

C
E
V
R

z
t,tj

pCi/L

&J-228
C x zt.

= net count rate
= counter efficiency for Actinium 228
= sample volume in liters
= (fractional chemical yield of yttrium carrier (fractional chemical yield of barium
carrier)
= decay constant for Actinium 228 (0.001884 min'1)
= ingrowth time (min)
= time interval between first yttrium hydroxide precipitation and start of counting
time
= counting time interval (min)

Tritium pCi/L

Tritium C
2.22

1000
sample size (mis)

C = Net count rate in disintegrations/minute

Data for solid or semisolid samples are reported on a dry weight basis.
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12.5.2 Data Review

Laboratory analytical results are reviewed by a second analysts or a section supervisor. Prior to entering the reponable data into the
LIMS, laboratory raw data have been reviewed, stamped, and signed to ensure that all of the method specifications have been met
This includes checking the extraction, digestion, distillation, and other preparation logs, as well as ensuring that all precision and
accuracy- requirements are addressed, and all steps of the analyses have been completed. If any problems arise dunns the analvsis cf
the sample batch, it is the responsibility of the analyst and the section supervisor to bring this to the attention of the project manaser,
section manager, and QA manager through a written corrective action report.

The field/sampling manager is responsible for data review of all field-generated data. This includes verifying that all field
descriptive data are recorded as per Section 6, that all field calibration requirements have been met as per Section 9, that all field QC
data have met criteria given in Section 5, and that field data are entered accurately on worksheets.

Data flags are used on reports as needed to inform the project manager and the client of any additional information that might aid in
the interpretation of the data. The data flagging system incorporates data qualifiers which are similar to flags specified in the
Contract Laboratory Program protocols, as well as additional flags used to help explain batch specific events.

When data acquisition and reporting have been completed, the project manager reviews and prepares the final report Because the
project managers have extensive experience in evaluating analytical data, they have developed both objective and subjective
techniques for data review. Each value reported is reviewed in the context of the respective environmental matrix and all available
QC/QA data. Outliers or other abnormal values are carefully scrutinized, and samples are reanalyzed if the abnormalities cannot be
explained. Where there are cases in which the results from spiked samples suggest interferences, attempts are made to remove the
interferences, or alternate analytical procedures are used. If the interference problem cannot be resolved, the data are flagged and/or
a narrative is included with the report

12.5.3 Special Project or Data Package Review

If special handling and/or data packages are requested by the client, QA personnel also review the project report and the raw data.
This includes checking that holding time requirements are met, checking calibrations, reviewing all quality control data and/or
control charts, and initiating any corrective action or reanalyses that might be appropriate.

12.6 Reporting

The final report is printed and signed by the project manager after all review has been completed. The data flags that may appear
in a project report are defined on the signature page, and any additional comments are also footnoted on this page.

If requested by the client or a project specific QA Plan, custom reports or CLP data packages with diskette deliverables can be
provided. If data packaging is requested, a paginated data package is provided in addition to the project report. The format of the
project report and/or data package can be adjusted to meet the needs of the client. All LIMS reports can be downloaded onto
diskettes or to most clients' computers.
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12.7 Datastorage

The procedures and policies for raw data mention are described in SL SOP QC16: Analytical Records Maintained by SL and
summarized briefly as follows. After the projects are completed, the data are transferred to a secured area and filed chronologically
by laboratory section in boxes and maintained for five years or the term specified in a client contract. In cases where data are
reviewed on a computer screen, and a tape back-up system is available, electronic files of data are stored on tape in lieu of paper
data for a period often years. If the data are to be purged to the client or need to be separated from the general raw data files, the
data can be boxed, labeled and stored in a separate secured area. Keys to the data storage areas are retained by the QA staff and the
section/department managers.

All in-lab data generated by computer systems are stored to tape or on hard disk, when the capability exists. The tapes are labeled
and stored at the individual work stations or maintained by a data systems manager and serve as the lab's raw data files.

Hard copies of all LIMS reports are maintained for five years in client files. All LIMS reports and associated QC data are kept for a
minimum of three years on the LIMS hard diskettes and/or magnetic tape. All data on the LIMS are backed up daily on magnetic
tape.
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13.0 NONCONFORMANCE AND CORRECTIVE ACTION PROCEDURES

A nonconformance is defined as any occurrence that prevents the lab from delivering data that are
compliant with the control criteria published or incorporated by reference in an applicable quality
assurance plan. The non-conformance report (NCR) form (Figure 13.1) is used to document
nonconformance conditions and to specify the necessary action(s) taken to correct the specific problem.
The corrective action report (CAR) form (Figure 13.2) is used in situations where a recurring problem or
breakdown in systems is observed and warrants a more thorough investigation than a single event XCR.
CARs may be initiated from:

a specified NCR

an observed trend or frequency of events that warrant corrective action

an audit finding

Savannah Laboratories will abide by all reasonable corrective actions generated from documented findings
by agency audits

Some situations that develop and require formal documentation may not be appropriate for an NCR and
CAR. Some of these anomalous situations are detailed on the Anomaly Report (Figure 13.3).

The status of all NCRs and CARs are tracked in registries located in various departments or centrally
located in the lab. Summaries of the NCRs and CARs are provided to the Lab Director and management
periodically so that overall trends in nonconformances and corrective actions can be evaluated. The
procedures for preparation, tracking and disposition of NCRs, CARs, and Anomaly Reports are given in
SL SOP CA85: Nonconformance and Corrective Action Procedures.

Table 13.1 summarizes the checks, the acceptance criteria, and the recommended corrective action for
various QC activities. This table and SL SOP AN02: Analytical Batching are used to evaluate sample and
batch QC.
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Initiated by:

Nonconforrnance Report (NCR)

Date initiated: ______ Client:___

Issuing departmem/Cdivision): ______ Project nanager/(division)

Project/SDG#:__________ Sa.Tiple(s) affeaed:________

NCR?:

_ Method:.

Eat:l- ID:

STonconfonnance condition:
icicate and descries devils (if necessary}

Describe reason problem occurred (root cause):

C Kolc'iag time
Q Ciiastrcpii;: Fiiiur;
0 LCS/MS
C Method blank
0 Calibration
3 Inunai standards
C Surrogates
C Other

Action fakCT (add deuik if necessary):

PM Initials/date: TM/DM/PS Initials/date:

0 Proceed with ttuiyiu
C Reprep/reuulyze
0 Doom analyze
0 Case nxmtive (diicuu in Sect 5)
0 No action taken (/may)

Result Of action taken in 2, above (add details if necessary): 0 ReprervrunaJyiii acceptable
G Reprep/reanalysu agrees v»l ohgical
0 Other

Case Narrative Comments (if necessary)

Initials/date:
Close-out:
Additional corrective action required to prevent recurrence? D YES D NO
If YES, initiate corrective action report (CAR): CAR Initiated #: ____

Closed bv: Date:
Original to TM/DM; Copy to PM; Copy to R? (QC level HI/TV only)

FAN034:12.03.96:0
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FIGURE 13.2

Corrective Action Report (CAR)

CAR #:_________ Initiated by/date:_

Lab Director attn. requested? D Yes 0 No (if yes, copy LD after completing section 1, beiow)

Resacnsifcie 7M/DM - sumrnarze non-ccnfcrrnsnce incioe-t and comments:

State root cause
1

Initials: Date:
CORRECTIVE ACTION

3

Assigned To:____________ Target completion date:_
Corrective action has been completed on (date):________
By (Initials):

QA Department Comments
4

By (Initials):_____Date:
Follow-up dates / comments (If no comments, Indicate as "none"

5
Initial

2 week

2 month

3 Add to internal svstams checklist"?
FAN03S:03.14.97:1
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ANOMALY REPORT 1

Date: Leg #: Samois IE1: Ciier.:: !
' I

Dept: __EX __ GE _

CU SG SM

LC __ME

VG __ VM

RA

AI
Analysis: Resorted bv:

Anomaly:
- Sample matrix is different than indicated by log-in. Loosed in a?

Water
Soil
Oil

Best described as
Water
Non-aqueous liquid
Soil
Sludge
Oil
Product
Other __

other

~ Sample was received with inadequate preservation, and was preserved upon receipt
- Sample received in an incompatible sample container. __ glass ____ plastic
- MS/MSD failed while the LCS/LCSD passed criteria, fora drinking water parameter. Method indicates data flagging.
- Target anaryte(s) detected in drinking water sample. (Describe below)
- Sample exhibits gross non-homogeneity. (Describe below)
- Insufficient sample received for analysis.
- Data flag may be needed. Discuss with DM/LM before reporting.
Other ___________________ ,____________________

Custody: 'ALWAYS ATTACH A COPY OF COC WITH HIGHLIGHTED DEITICIENCY

~ Sample description discrepancy between COC & Container - Custody seals broken '
•:- Sample container breakage - Incomplete COC
vr- Cooler temp >6EC or frozen ~ Sample container partially filled
- Sample received not listed on COC - Improperly preserved sample

Comments:
Client Notified:
Contact:

-Yes -No

Date:

Resolution:

Route to:
Division PM:

Other Div. PM SL ML NL FL TL BL

FAN038:04.09.97:3
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TABLE 13.1CORRECTIVE ACTION
QC Activity

GC/MS tuning
Initial calibration standards

Continuing calibration
standard
Calibration blanks

Method blank

Surrogate recovery (GC/MS
semivolatiles)

Surrogate recovery (GC/MS
volatiles)
Surrogate recovery GC or
LC
Matrix spike recoveries

Lab control standard (LCS)
recoveries

Precision of MS/MSD or
sample duplicate

Internal standards
(organics)
Trip blanks
Field Blanks
Equipment blanks
Field duplicates

Microbiology + and -
controls for media
Microbiology duplicates

Acceptance Criteria
Section 9.0
Section 9.0

Section 9.0

< RL or QAPP/Method-
defined criteria (for CLP
procedures, use SOW
guidelines)
< RL or QAPP/ Method-
defined criteria (for CLP
procedures, use SOW
guidelines)

Tables 5.1 - 5.8, or program/
project specific. One acid and
one base may be out of criteria,
provided all surrogates are in
control in LCS
Tables 5.1 -5.8, or
program/project specific
Tables 5. 1-5.8, or
program/project specific
Tables 5.1 -5.8, or
program/project specific
Tables 5. 1-5.8, or
program/project specific

Tables 5. 1-5.8, or QAPP
Specific (used for evaluation
but not control unless specified
by the method)
Method or protocol-required
limits
SRL
SRL
SRL
Follow project/program
requirements
Should be + and -, respectively

RPD with established limits

Recommended Corrective Action |
Do not analvze samples unless criteria are met 1

Reanalyze standards. If still unacceptable, remake
standards or instrument corrections. |
Reanalyze standard. If still unacceptable, remake 1
standards, or recalibrate.
leanalyze calibration blank. If problem, determine 1
ource of contamination and reanalyze. Re-

calibration may be required..

leanalyze method blank. If problem, determine
source of contamination. If necessary or possible, re-
prep and re-analyze. Do not re-prep and re-analyze
if no sample in batch or report contains the
analyte<s) detected in the method blank. For SW-
846 analyses, do not reanalyze if the method blank
evel is less than 5% of the regulatory limit or less

than 5% of the lowest sample concentration .
Follow method guidelines.

Follow method guidelines.

Check for possible matrix interferences or other
causes and follow method guidelines.
Check for possible matrix interferences or other
causes. If still out evaluate LCS.(l)
Check calculations, reanalyze standards, and if
necessary or possible, redigest or extract batch and
reanalyze. (1) 1
Check calculation. Check for possible matrix
interference or other causes.

Follow method or protocol guidelines.

Check related method blank for contamination.
Check related method blank for contamination.
Check related method blank for contamination.
Follow project/program requirements

Reject medium.

Follow agencv requirements.
(1) See Section 11.2.1 for guidance on full list spikes and unstable compounds



Section 13
Revision 0
Date: 01/99
Page 6 of6

TABLE 13.1CORRECTIVE ACTION

QC Activity
Sample results

External Quality control
check samples

Acceptance Criteria
Calibration

Spike criteria limits

Surrogate criteria limits

Defined by the program or
project.

Recommended Corrective Action
If the calibration fails for a target and the
corresponding target is not detected, the results may
be reported as < RL if the RL standard is analyzed
and detected.
If a limited list MS or LCS is high biased and no
targets are detected above the RL, results are
reported as < RL. When a full compound spike is
utilized, and the MS or LCS result is high biased,
and the corresponding target is not detected, the
result for the corresponding target is reported as
<RL, regardless of the other targets.
If surrogate recovery is high biased and no target is
detected, the results are reported as <RL.
Defined by the program or project.
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14.0 PERFORMANCE SYSTEM AUDITS

14.1 Internal System Audits

14.1.1 Laboratory Audits

Annual laboratory audits are conducted by the division QA Manager or QA Officer The scope and depth
of the audit are determined according to the requirements of the division. The system audit includes, but is
not limited to:

evaluation of the procedures and items listed on the audit checklist

review of compliance with the SL SOPs

review of the compliance with this quality assurance plan

review of the training records

review of the nonconformance and anomaly reports and follow up on corrective actions
from previous audits, external audits, or PE samples.

Some items may require more frequent auditing to determine if non-compliant procedures have been
corrected. The internal audit may be performed quarterly for one or two sections with the goal of auditing
of all systems once per year.

A report of the internal systems audit is prepared and submitted to the lab director and to the Corporate QA
Manager by the end of January.

14.1.2 Corporate Systems Audit

A systems audit of each division is conducted annually by the Corporate QA Manager to determine if the
procedures implemented by the SL divisions are in compliance with this quality assurance plan and the
standard operating procedures (SOPs). This is primarily accomplished by the review of the following:

the annual systems audit performed by the division QA Manager or QA Officer ,

the findings and responses to external audits

the results of PE samples

summaries of nonconformance and corrective action taken by the lab.

The annual systems audit is performed by the Corporate QA Manager by the end of February. The
Corporate QA Manager may request additional information or documentation of implementation. If
necessary, the Corporate QA Manager will schedule an on-site evaluation of the division laboratories.

14.1.3 Field Audits

An audit of the field sampling procedures is performed annually. These systems audits are conducted by
the QA Officer, an external auditor, or a regulatory agency. The audit includes all aspects of field sampling
operations. Section 6.0 of this document defines the elements that serve as a basis for this audit.
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14.2 External System Audits

Each laboratory may be certified by a number of state agencies, governmental agencies or private
certification programs. Most of these programs require continuing on-site system audits of the laboratory.
The laboratories submit to these on-sites as required by these certifying agencies and organizations and
respond to any noted nonconformances with corrective actions.

Field system audits are performed periodically by various federal and state regulatory agencies. Field
sampling and documentation procedures are examined to ensure sampling is performed according to the
agency protocols.

14.3 Performance Audits

14.3.1 Internal Performance Audits

Internal perfonnance audits or evaluations are routinely performed by Savannah Laboratories. Single blind
perfonnance audits are employed for several reasons. One purpose is to provide corrective action for
parameters judged to be unacceptable on WP, WS or other major external performance audits. Periodic
internal performance audits are also used to test parameters that are not routinely tested by external
performance audits. Finally, single blind perfonnance audits are employed to satisfy certain certification
requirements, to satisfy auditors' specific requests for perfonnance audit samples, or provide additional
evidence of data quality to clients with specific questions regarding laboratory performance.

14.3.2 External Performance Audits

All facilities participate in each of the following performance evaluation audits semiannually:

1. U.S. EPA Water Supply Study (WS Series).
2. U.S. EPA Water Pollution Study (WP Series).

All facilities participate on an annual basis in a microbiology proficiency testing program.

Additionally, the laboratories participate in several regulatory agency, certifying group, or client requested
performance audits. These perfonnance audits include both single and double blind P.E. samples. Internal
performance audits are logged into the LIMS system and analyzed and reported in the same manner as1

samples. Results from these perfonnance audits are reported to management, agencies, and clients as
required Nonconfonnance Reports (NCR) and Corrective Action Reports (CAR) are issued when
appropriate.

Results from agency perfonnance audits are supplied to clients upon request.
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15.0 QUALITY ASSURANCE REPORTS

15.1 Internal Reports

The QA Officer or QA Manager of each division is responsible for providing quality assurance reports to
the division Lab Director and to the Corporate QA Manager on an annual basis. The report must include
the following elements:

complete internal audit checklist

summaries of nonconfonnance/correcnve actions frcm routine lab operations

finding and responses to external audits and FE samples with any
nonconfonnance/correcuve action initiated

results from all PE samples (internal and external)

These annual reports will be summarized by the Corporate QA Manager and provided to the President and
Vice Presidents for review by the end of March.

15.2 External Reports

Quality assurance or program reports are made to all required agencies or offices. The scope, content, and
frequency of these reports are generally defined by the agency or office.
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16.0 TRAINING AND QUALIFICATIONS

Savannah Laboratories' greatest asset is its well qualified and trained staff. The duties and responsibilities
of management and staff positions are described in Section 4.0 of this manual. In addition, the
qualifications for each of these positions can be obtained from the Corporate Human Resources Director at
the Savannah Division.

SL SOP CA01 (SL Training SOP) describes the procedures and documentation required to adequately
train the analytical staff. All new employees are required to undergo an introduction to Savannah Labs'
policies described in SL SOP CA10: Procedures for New Employee Orientation.

17.0 DOCUMENTS AND RECORDS

All documentation and records are maintained in accordance with SL SOPs AN45:Ia6ori3;ory
Notebooks,CM2:Divisianal Document Control and Distribution, and CA$Q:Data Generation, Entry,
Review, Approval, and Reporting..

Section 12 (Data Reduction, Review, and Reporting) of this manual describes the flow of data through the
laboratory and the SL policy for document and record retention (Section 12.7). SL SOP QC16: Analytical
records Maintained by SL describes the policies and procedures for the retention of analytical records (raw
data and associated QC data).

18.0 PROCUREMENT

The SL policies and procedures for procurement are described in SL SOP CA 45: Procurement.

19.0 QUALITY IMPROVEMENT/MANAGEMENT ASSESSMENT

Savannah Laboratories and Environmental Services, Inc., is committed to quality improvement and
customer service. All aspects of the laboratories operations are monitored and input from clients is
evaluated to determine if present policies and procedures are meeting the objectives defined in Section 3.0
of this manual. The following SOPs have been implemented to address and document quality
improvement:

Procurement of Laboratory Materials-SL SOP CA45: Procurement
Analytical Training- SL SOP CA01: SL Training SOP
Client Satisfaction and Complaint Resolution - SL SOP CA95: Complaint Resolution
Non-Confonnance and Corrective Action - SL SOP CA&S'J/oncomformance and Corrective Action
Procedures
Auditing (Divisional and Corporate) - SL SOP CAQ5:TechnicaI and Systems Audits (Divisional and
Corporate)
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Semivolatiles - GC/MS
Acenaphthene
Acenaphthylene
Acetophenone
2 - Ac etylaminofluorene
4-Aminobiphenyl
Aniline
Anthracene
Aramite
Benzidine

B enz(a)anthracene
B enzo(b)fluor anthene
3enzo(k)fluoranthene
Benzo(g,h,i)perylene
3enzo(a)pyrene
Benzyl alcohol
3is(2-chloroethoxy)methane
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl) ether/2,2'-Oxybis( 1 -Chloropropane)
Bis(2-ethylhexyl)phthalate
4-Bromophenyl phenyl ether
Butyl benzyl phthalate
Carbazole
4-Chloroaniline
4-Chloro-3-methylphenol
2-Chloronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl ether
Chrysene
Diallate
Dibenz(a, h)anthracene
Dibenzofuran
Di-n-butylphthalate
1 ,2-Dichlorobenzene
1 ,3-Dichlorobenzene
1 ,4-Dichlorobenzene
3 , 3 -Dichlorobenzidine
2,4-Dichlorophenol
2,6-Dichlorophenol
Diethylphthalate

Target
Compound

List1

X
X

X

X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X

Priority
Pollutant

List2

X
X

X

X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X

X

X
X
X
X
X
X

X

———————————— 1

\ppendix IX
List3

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

- X
X
X
X
X
X
X
X
X
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Semivolatiles - GC/MS
Dimethylaminoazobenzene
7, 12-Dimethylbenz(a)anthracene
3 , 3 '-Dimethylbenzidine
alpha, alpha-Dimethylphenethylamine
2,4-Dimethylphenol
Dimethyl phthalate
1 , 3 -Dinitrobenzene
4,6-Dinitro-2-methylphenol
2,4-Dinitrophenol
2,4-Dinitrotoluene
2, 6-Dinitrotoluene
Dinoseb
1,4-Dioxane
1 ,2-Diphenylhydrazine
Di-n-octyl phthalate
Ethyl methanesulfonate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexacholorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Hexachlorophene
Hexachloropropene
Indeno( 1 ,2,3 -=cd)pyrene
Isophorone
Isosafrole
Kepone
Methapyrilene
3 -Methylcholanthrene
Methyl methanesulfonate
2-Methylnaphthalene
2-Methylphenol
3-Methylphenol
4-Methylphenol
Naphthalene
1 ,4-Naphthoquinone
1-Naphthylamine
2-Naphthylamine
2-Nitroaniline

Target
Compound

List1

X
X

X
X
X
X

X

X
X
X
X
X
X

X
X

X
X

X
X

X

Priority
Pollutant

List2

X
X

X
X
X
X

X
X

X
X
X
X
X
X

X
X

X

\ppendiz DC
List3

X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

' X
X
X
X
X
X
X
X
X
X
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Semivolatiles - GC/MS
3-Nitroaniline
-Nitroaniline

Nitrobenzene
2-Nitrophenol
4-Nitrophenol
5-Nitro-o-toluidine
^itroquinoline- 1 -oxide
^-Nitrosodibutylamine
^-Nitrosodiethylamine
"•I-Nitrosodimethylamine
^-Nitrosomethylethylamine

N-Nitrosodiphenylamine/diphenylamine
^-Nitrosodi-n-propylamine
^-Nitrosomorpholine
^-Nltrosopiperidine
^-Nitrosopyrrolidine
Pentachlorobenzene
Pentachloronitrobenzene
Pentachlorophenol
Phenacetin
Phenanthrene
Phenol
1 ,4-Phenylenediamine
2-Picoline
Pronamide
Pyrene
Pyridine
Safrole
1,2,4,5-Tetrachlorobenzene
2,3 ,4, 6-Tetrachlorophenol
o-Toluidine
1 ,2,4-Trichlorobenzene
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
1,3,5 -Trinitrobenzene
0,0,0-Triethyl phosphorothioate

Target
Compound

List1

X
X
X
X
X

X
X

X

X
X

X

X
X
X

Priority
Pollutant

List2

X
X
X

X

X
X

X

X
X

X

X

X

Appendix IX
List3

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

' X
X
X
X
X
X
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Chlorinated Dioxins and Furans
Method 8280

Tetrachlorodibenzo-p-dioxins
Tetrachlorodibenzofurans
Pentachlorodibenzo-p-dioxins
Pentachlorodibenzofurans
Hexachlorodibenzo-p-dioxins
Hexachlorodibenzofurans
2,3,7, 8-Tetrachlorodibenzo-p-dioxin

Target
Compound

List1

Priority
Pollutant

List2

X

Appendix IX
List3

X
X
X
X
X
X
X

Chlorinated Pesticides-GC
Aldrin
alpha-BHC
beta-BHC
gamma-BHC
delta-BHC
Chlordane
alpha-Chlordane
gamma-Chlordane
Chlorobenzilate
4,4'-DDD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan'I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Endrin ketone
Heptachlor
Heptachlor epoxide
Isodrin
Methoxychlor
Toxaphene

Target
Compound

List1

X
X
X
X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X

X
X

Priority
Pollutant

List2

X
X
X
X
X
X

X
X
X
X
X
X
X
X
X

X
X

X

Appendix IX
List3

X
X
X
X
X
X

X
X

, x
X
X
X
X
X
X
X

X
X
X
X
X
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PCBs-GC
Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260

Target
Compound

List1

X
X
X
X
X
X
X

Priority
Pollutant

List2

X
X
X
X
X
X
X

Appendix IX
List3

X
X
X
X
X
X
X

Chlorinated Herbicides
Method 8151

2,4-D
2,4,5-T
2,4,5-TP Silvex

Target
Compound

List1

Priority
Pollutant

List2
Appendix IX

List3

X
X
X

Organophosphorus Pesticides
Method 8141

Disulfoton
Methyl Parathion
Ethyl Parathion
Tetraethyl dithiopyrophosphate (sulfotepp)
Famphur
Phorate
o,o-Diethyl-o-2-pyrazinyl phosphotothio
Dimethoate

Target
Compound

List1

Priority
Pollutant

List2

"
*

Appendix IX
List3

X
X
X

. *
X
X
X
X
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Volatile-GC
Method 8021

Benzene
Bromodichloromethane
Jromoform

Bromoraethane
Carbon Tetrachloride
Chlorobenzene
Chlorodibromomethane
Chloroethane
2-Chloroethylvinyl ether
Chloroform
Chloromethane
1 ,2-Dichlorobenzene
1 , 3 -Dichlorobenzene
1 ,4-Dichlorobenzene
1 , 1 -Dichloroethane
1,2-Dichloroethane
1 , 1 -Dichloroethene
cis- 1 ,2-Dichloroethene
trans- 1 ,2-Dichloroethene
1 ,2-Dichloropropane
cis- 1 ,3 -Dichloropropene
trans- 1 ,3-Dichloropropene
Ethylbenzene
Methylene Chloride (Dichloromethane)
Methyl tert-butyl ether (MTBE)
1 , 1 ,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1,1,1 -Trichloroethane
1 , 1 ,2-Trichloroethane
Trichloroethene
Tricnlorofluoromethane
Vinyl Chloride
Xylenes, total

Target
Compound

List1

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
'NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Priority
Pollutant

List2

X
X
X
X
X
X
X
X
X
X
X
X
X
x--
X
X
X
(*)
X
X
X
X

. X
X
(*)
X
X
X
X
X
X
X
X
(*)

Appendix EX
List3

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

'NA
NA
NA
NA

NA-The volatiles for the TCL and Appendix DC Lists are routinely analyzed by GC/MS method 8260.
(*) These compounds are not on the Priority Pollutant List, but are roudnely reponed when method 8021 is used.
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Metals
Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper
[ron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Tin
Vanadium
Zinc

Target
Compound

List1

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

Priority
Pollutant

List2

X
X

X
X

X

X

X

X
X

X
X

X

X

Appendix LX
List3

X
X
X
X
X

X
X
X

X

X
X

X
X

X
X
X
X

Source of Lists:
Target Compound List: CLP SOW OLM03.1/ILM03.0/4.0
Priority Pollutant: 40 CFR 423, Appendix A, 7/1/97
3Appendix DC: 40 CFR 264, Appendix DC, 7/1/97

99'Secf:n xls
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STANDARD OPERATING
PROCEDURES
Table of Contents

Category SOP Number SOP Name Document pontrol
Number

Air AR05 (Analysis of Whole Air Samples in Tedlar Bags | JAR05:05.01.98:6

J lonPUFandPUF/ResinCartridges(TO4/TO10/TO13) :L

Dissolved Gases in Water |AR30:08.11.97:3

Standard Operating Procedure for the Generation of ||AN01:08.07.98:3
SOP's | i_________

Whole Air Analysis of VOC in Summa-Passivated
Canisters

SVOC in Ambient Air-BNA and Pesticides Collected

JAR10:02.06.98:1

IAR15:01.21.98:1

Analytical Batching

Balance Calibration and Use

Tekmar Sonic Dism em orator Tuning Procedures

Refrigerated Storage Space Temperature Checks

Desiccator Checks Maintenance and Use

Pipet and Volumetric Container Calibration Check

Conductivity Checks for Laboratory Deionized Water

Standard Materials Traceability

Standard Preparation

Reagent Traceability

Laboratory Notebooks

Wavelength Check for Spectrophotometers

Installation and Evaluation of New Instrument Systems

Test Procedures for Method Development and
Modification

Laboratory Thermometer Calibration

Glassware Cleaning Procedures

Glassware Cleaning Procedure-MOBILE DIVISION

AN02:05.18.98:2

AN10:08.29.97:3
I

AN15:08.26.97:1

AN20:08.26.97:2

AN22:12.03.97:0

AN30:04.23.98:3

AN35:08.26.97:3

AN41:10.14.97:2

AN43:04.23.98:0

AN44:05.'l 8.98:1

AN45:03.04.98:4

AN50:08.26.97:1

AN51:05.22.97:0

AN52:05.2Z.97:0

AN55:08.26.97:2

AN60:08.26.97:1

AN60-M-1:1 1.1 0.97:1
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Category SOP Number SOP Name Document Control
Number

(Ancillary Manual Integrations ||AN65:04.23.98:1

(Determination of Retention Time Windows for Gas i|AN66:02.25.97:1
Chromatographlc____________________I;_________

Sample Compositing, Homogenization, and
Segregation of Low/High Concentration VOA/SVOA

IAN70:08.11.98:2

LI MS Control Chart System 1|AN75:07.14.98:1

Sterilization of Foreign Soil Samples AN80:04.23.98:3

Project Initiation IAN90:06.24.97:1

Procedure for the Generation of Electronic
Deliverable via the LJMS

Procedure for Data/system Backup on HP9000
Chem servers

Procedure for Disaster Recovery on HP9000
Chemservers

.IMS System Modification and Testing

LIMS System Maintenance

LJMS System Security

SL Training SOP

Divisional Document Control and Distribution

Contract Review

Technical and Systems Audits (Divisional and
Corporate)

Procedures for New Employee Orientation

Telephone Answering Procedures

Stop Work Authority

Corporate Procurement

Laboratory Certifications

Waste Disposal

Data Generation, Entry, Review, Approval, and
Reporting

Regeneration of Deliverable Reports

AN91:02. 19.97:0

AN92-S:04.24.97:0

AN93-S:04.24.97:0

AN96-S:04.30.98:1

AN97-S:05. 19.97:0

AN98-S:05.19.97:0

CA01:05.05.97:5

CA02:04.08.97:1

CA03:05.30.98:0

CA05:05.14.97:0

CA10:04.14.97:0

CA20:05.01.98:1

CA25:05.01.98:1

CA45:02.27.98:1

[CA50:07. 15.97:0

CA70:01. 30.97:0

CA80:09 30.98:6

CA81:09.30.98:0
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Category SOP Number SOP Name Document Control
Number

Corporate Administrative I [CA85 jNonconformance and Corrective Action Procedures | |CA85:08.07.98:3

Procedure for the Determination of Method Detection ] CA90:10.29.97:0
jUmits (MDL)_______________________j,__________

Determination of the Instrument Detection Limit (IDL) ' JCA91:09.04.97:0

Evaluation of IDOC's !ICA92:08.21.98:0

'Complaint Resolution !ICA95:06.16.97:1

Project Management CA96:11.19.97:0

Evaluation of Laboratory Capacity and Capabilities for | |CA97:12.23.97:0
[Accepting New Projects and Analyses/Analytes____• !_________

Analytical Sub-Contractors Policy

Receipt, Log Number Assignment, and Distribution of
Field Samples

Internal Chain-Of-Custody

Reparation of Sample Containers

Wipe Test: Sampling

Interiaboratory Sample Exchange

Procedures for Contaminant-Free Sample Containers

EP Toxicity Extraction

TCLP Extraction: Nonvolatile

TCLP Extraction: Volatiles

SPLP Extractions: Semivolatile Organic Compounds,
Metals, and Cyanide

SPLP Extractions: Volatiles

Extraction Procedure for Oily Waste

Continuous Liquid-Liquid Extraction

Separtory Funnel Extraction

Ultrasonic Extraction

Waste Dilution Extraction

CA98:04.27.98:0

CU01:04.27.98:1

CU02-S:07.10.98:0

CU15:06.19.98:3

CU16:07.25.97:0

CU20:03.31.98:1

CU35:06.19.98:1

EX10:05.01.98:1

EX1 5:08.04.97:2

EX16:08".05.97:1

EX17:03.23.98:0

EX18:03.23.98:0

EX25:05.01.98:1

EX30:02.19.98:1

EX35:08.04.97:0

EX40:02. 19.98:1

EX42:07.06.98:0
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Category SOP Number SOP Name Document Control
Number

|Extractions EX45 [Extraction OF Chlorinated Herbicides in Water, Soils, |EX45:08.29 97:1
land Wastes |_________

Preparation of SVGA Surrogate and Matrix Spiking
Solutions

|EX70:09.02.97:1

(Monitoring Well Sampling Procedure |FD05:05.01.98:1

Total Organic Carbon in Soil: Walkley-Black Method BA05:08.26 97 2

Zymark Extraction Concentration Procedure

Kuderna-Danish Extract Concentration Procedure

Acid, Permanganate, and Copper Cleanups for PCBs
and Pesticides

Silica Gel Cleanup and Fractionation

|EX50:08.04.97:0

EX51:08.04.97:0

EX60:10.22.97:0
1

EX63:021799:1

Total Organic Carbon-Shim adzu TOC Analyzer

Total Organic Carbon: Dohrmann DC-80 Method

Total Organic Halides (TOX)

ExtractaWe Organic Halides (EOX)

AbsorbaWe Organic Halides (AOX)

Biochemical Oxygen Demand

Chemical Oxygen Demand (Titrimetric Procedure)

Chemical Oxygen Demand (Hach Method)

Coliforms: Membrane Filter Technique

Coliforms: Multiple Tube Technique

Coliforms in Potable Water: Colilert P/A Method

Alkalinity (and Other Carbonate Species)

Acidity

Corrosivity (Langlier Saturation Index)

Total Dissolved Solids and Volatile Dissolved Solids

Total Suspended Solids and Volatile Suspended
Solids

BA09:05.01.98:1

BA1 1:05.01. 98:2

BA1 2:03.26. 98:2

BA1 3:02.23.98:1

BA14:05.13.98:3

BA15:10.07.98:3

BA20:08:05.97:2

BA22:01. 01.96:0

BA25:05.01.98:1

BA30:05.01.98:1

BA31:05.01.98:1

BA35:12.16.98:3

BA36:12. 16.98:3

BA37:0501.98:2

BA40:08.26.97:2

BA45:08.26.97:1
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Category SOP Number SOP Name Document Control
Number

[General BA46 Total Residue and Volatile Solids |BA46:08.26.97:0

GE122

iPaint Filter Liquids Test :lBA60:0501.98:2

Turbidity

pH Electrometric Measurement of Water, Soil, and
Waste

Specific Conductance (Conductivity)

Density

Dissolved Oxygen

Specific Gravity

Color

Odor

Cation Exchange Capacity

Heat of Combustion BTU/LB

Sulfide

Spectrophotometric Determination of Sulfides

Sulfide, Methylene Blue

Total Sulfur

Ion Chromatography

Bromide - Titrimetric

Chloride: Autoanalyzer Procedure

Chloride: Lachat Procedure

Titrimetric Chloride

BA65:05.01.98:2

BA70:03.06.97:1

BA80:02.16.98:2

BA81:02. 16.98:1

BA85:08.1 1.98:3

BA86:05.01.98:1

BA90.02. 16.98:2

BA95:02.16.98:2

GE05:05.01.98.2

GE10:03.19.97:1

GE100:02.19.98:1

GE101:(fe.12.98:3

GE102:05.01.98:1

GE105:03.19.97:1

GE115:05.01.98:3

GE116:05.01.98:3

GE120:02 11.98:2

GE121:05.01.98:2

GE122:05.1298:0
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Category SOP Number SOP Ham* Document Control
Number

IGeneral GE125 Salinity and Percent Seawater

Fluoride

Total Residual Chlorine DPD Method 8167

IGE125:05.01.98:1

IGE130:05.01.98:3 :
! I

JGE131:05.01.98:1 j
I !

Sulfite: Method 4500-B
!
GE132 05 01 98 1

Total Residual Ch;prome by lodometric Titration

Ignitability

Ammonia: Lachat QuikChem 8000 Autoanalyzer
Procedure

Oil and Grease and Petroleum Hydrocarbons
bylR

Oil and Grease by Gravimetry

Oil and Grease and Petroleum Hydrocarbons by
Gravimetry

Ammonia - Lachat Autoanalyzer Method

Methylene Blue Active Substances

Total Recoverable Phendics: Manual Procedure

Water in Nonaqueous Samples by Distillation

Calculation of Un-ionized Ammonia in Fresh Water

Determination of Nitrocellulose in Water

Determination of Nitrocellulose in Soil

Block Digestion of Samples for Semiautomated
Determination of Total Kjeldahl Nitrogen and Total

Kjeldahl Nitrogen and Total Phosphorus: Lachat
QuickChem AE Procedure
Calculation of Total and Organic Nitrogen

Nitrate Plus Nitrite: Lachat QuickChem AE Procedure

Nitrite-N: Lachat QuickChem AE Procedure

Total and Amenable Cyanide: Autoanalyzer Procedure

Total Cyanide: Autodistillation Procedure

GE133:12.15.98:0

GE140:05.01.98:1 ;

GE15:08.13.98:1

GE150:02.09.98:3

GE155:05.01.98:2

GE157:01. 14.98:0

GE16:05.01.98:1

GE160:12.15.98:2

GE165:05.01.98:2

GE175:05.01.98:1

GE18:03.25.98:0

GE185:05.01.98:1

GE186:05.01.98:1
1

GE20:10.14.98:4

GE26:05.01.98:1

GE27:12.15.98:0

GE31:05.01.98:1

GE36:05.01.98:1

GE40:02.02.98:3

GE41:05.01.98:3
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Category SOP Number SOP Name Document Control
Number

General

Liquid Chromatography

Metals

Tuesday, March 09, 199

GE43

GE46-M

GE55

GE60

GE65

GE71

GE75

GE81

GE85

GE90

GE96-M

GE97

LC10-T

LC15-T

LC16-T

LC20-T

LC25-T

LC30

LC35-T

LC40-T

LC45-T

LC60-T

LC65-T

ME20

9

Midi Distillation of Water and Soils for the
Determination of Cyanide

Total Cyanide and Cyanide Amenable to Chlori nation
by Manual Distillation

Hydrogen Cyanide Released from Wastes (Reactive
Cyanide and Sulfide)

Add-HydrolyzaWe Phosphorus

Available Phosphorus in Soils

Orthophosphate: Manual Colorimetric

Phosphorus Adsorption |

3hosphorous: Lachat Procedure (Acid Persulfate
Digestion Procedure)

Acid-Soluble Sulfide

Acid Volatile Sulfides

Sulfate (Gravimetric)

Turbidimetric Sulfate (375.4/9038)

Formaldehyde by HPLC

Carbamate Pesticides by HPLC

Sample Preparation for Aldicarb and Its Metabolites in
Nectar and Soil by HPLC

Pesticides and Herbicides by HPLC

N-m ethyl Carbamate Pesticides in Soils

Determination of PAHs in Water and Soil by HPLC

Thiodiglycol by HPLC

Determination of Explosive Residues in Water and
Soil bby HPLC

Determination of Asulam in Water by HPLC

Ethylenethiourea In Water and Soils

Phthalic Acid &Maleic Acid in Water & Soil & Phthalic
Acid as Phthalic Anhydride in Soil by HPLC

Hexavalet Chromium Colorimetric Procedure

GE43:02 18.98:1

GE46-M: 03 05.96:0

GE55:08.05.97:4

GE60:0501.98:1

GE65:05.01.98:1

GE71:08.0798:0

GE75:05.01.98:4

GE81:05.23.97:1

GE85:02.19.98:3

GE90:05.12.98:4

GE96:05.01.98:1

GE97:05. 12.98.0

LC10.05.01.98:2

LC15:05.01.98:1

LC16:05.01.98:1

LC20:05.01.98:1

LC25:09.01.98:1

LC30:05.01.98:1

LC35:05.01.98:1

LC40-T:10.28.98:4

LC45:05.01.98:1

LC60-T:08.10.98:0

LC65-T: 12. 18.98:0

ME20:08.26.97:1
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Category SOP Number SOP Name Document Control
Number

Metals

Project Specific

Quality Control

Radioactivity

Report Format

ME21 [Alkaline Digestion of Sediments, Sludges, and Soils ME21:04. 06.98:0
———————— (for Hexavalent Chromium

ME22

ME26

ME27-M

ME28

ME29

ME30-M

ME36-M

ME40-T

ME50

ME51

ME52

ME60

ME61

ME62

ME70

ME75

ME90

PS15

QC16

RA01-B

RA02-B

RA03-B

RF05

Hexavalent Chromium-Lachat Autoanalyzer Procedure

Mercury: Varian Spectra AA20

Mercury -MOBILE

Mercury Analysis. Leeman PS200

Mercury Preparation: Leeman AP200

ME22:08 06.98:0 !
1

ME26:05.01.98:3 i

ME27-M:11. 17.97:1
!

ME28:12.19.97:0

ME29:12.19.97:0

Hydride Digestion | |ME30:05.01 .98: 1

-iydride Generation AA Analysis for As and Se -
MOBILE

MIBK Extraction

digestion Procedures for ICP - Total Metals and Total
Recoverable Metals in Liquid Samples

Digestion Procedures for ICP - Total Metals in Soils
and Sediments
Parr Bomb Digestion Procedures for ICP

Digestion Procedures for GFAA - Total Metals and
Total Recoverable Metals in Liquid Samples
Digestion Procedures for GFAA - Total Metals in Soils
and Sediments
'arr Bomb Digestion Procedures for GFAA

ICP Operating Procedure

Graphite Furnace AA

Calculation of Hardness by SM2340B

Analytical Scheme and Report Deliverable Format
for PCBs in Fish and Other Biological Tissues

Minimum Analytical Records Maintained by SL

Gross Alpha and Beta Radioactivity

Radium - 226

Radium - 228

SL Data Qualifiers

ME36:05.01.98:1

ME40-T:1 0.28. 98:2

ME50:04.01.98:5

ME51:07.02.98:1

ME52:06. 12.97:0

ME60:04.01.98:5

ME61:07.02.98:1

ME62:06.27.97:0

ME70:06.19.98:6

ME75:12\22.97:3

ME90:08.1 1.98:0

PS15:02.11.98.2

QC16:08.26.98:1

RA01:05.01.98:1

RA02:05.01.98:1

RA03:05.01.98:1

RF05:05.01.98:2
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Category SOP Number SOP Ham* Document Control
Number

ISemivolatile Compounds
'by GC__________

SG05-T IDithiocarbamate Pesticides (EPA630) ISG05-T08.10.98:0

Semivolatile Compounds
bv GC/MS

SM01

Volatile Compounds by
GC

SM05

SM06

SM10

SM30-M

SM31

VG05

VG15

VG16

VG25

VG30

VG40

VG41

Phenols and PAHs by GC

Organochlorine Pesticides and PCBs

Organophosphorus and Organonitrogen Pesticides

1,2-Dibromoethane

Chlorinated Herbicides

SG40: 12 19.97:1

SG45:07. 15.98:5

SG50:0501.98:3

SG60:05.01.98:3

SG65:01. 12.99:4

Modified 8015 Extractable for Petroleum Identification I |SG70:01. 16.98:4
, ]

Extractable Petroleum Hydrocarbons (EPH)-
Massachusetts Method

friazine Pesticides and Other Organonitrogen
Compounds

Nitrosamines by Gas Chromatorgraphy

Thiocarbamate Pesticides

Semi volatile Compounds by GC/MS EPA 625

Semivolatile Compounds by GC/MS

Guidelines for SIM Analyses by GC/MS

3oly chlorinated Dibenzo-p-dioxin and Polychlorinated
Dibenzofurans

Endothall (Method 548.1) MOBILE

Chlorinated Phenolics in Wastewater by In-Situ
Acetylation and GC/MS EPA Method 1653

Volatile Compounds by GC(601/602, 8010/8020.
801 5B. 8021)

Modified 8015 Purge and Trap for Petroleum
identification

Volatile Petroleum Hydrocarbons (VPH)-
Massachusetts Method

The Analysis of Glycols by DAI-GC/FID

THM Formation Potential

The Analysis of Alcohols by DAI-GC/FID

Direct Aqueous Injection (DAI) of Pulp and Paper
Samples

SG71:05.28.98:0

SG85:05.01.98:2

SG90:05.01.98:1

SG95:06.26.96:0

SM01:05.18.98:3

SM05: 12.19.97:5

SM06:01. 20.98:0

SM10:08.18.98:3

SM30:05.01.98:1

SM31:02. 17.98:1

VG05:07.06.98:4

VG15:07.15.98:5

VG16:05.27.98:0

VG25:05.01.98:2

VG30:05.01.98:1

VG40:05.01.98:1

VG41:08 19.98:0
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Category SOP Number SOP Name Document Control
Number

The
I

Analysis of Industrial Solvents by DAI-GC/FID |
I

VG45 05 01 98 1 ,
I

(Volatile Compounds by GC/MS (EPA 624) 'M05:08.05.97:3

Volatile Organic Compounds by Isotope Dilution
GC/MS (Method 1624)

M06:02.10.98:1

Volatile Compounds in Drinking Water by GC/MS |VM15:05.01.98:1

Volatile Compounds by GC/MS (8260) |VM20:07.15.98:3
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Approval
Signature: _ __ _

R. A'ayne Robbins\/ ^_ -
Title: Corporate QA Manager Date: <*J<j2? /?, / ' '8

ORGANOCHLORINE PESTICIDES AND PCBs BY GC
(Methods 608 and 8080/8081A/8082)

1.0 SCOPE AND APPLICATION

1.1 This method is used to determine the concentration of various organochlorine pesticides and
polychlorinated biphenyls in liquid and solid extracts. Table 1 lists the routine target compounds and gives
an example of the retention times of these target compounds. Example chromatograms are also included as
an appendix to this SOP.

1.2 The reporting limit (RL), the method detection limit (MDL), and the accuracy and precision criteria are given
in Section 5 of the current revisions of the SL quality assurance plans.

NOTE: The procedures for chlorinated pesticides (8081 A) and PCBs (8082) have been separated in the latest
update of SW-846. Until this update, the pesticides and PCBs were in SW-846 Methods 8080 and 8081. The
extraction and the analysis are combined in this SOP 1) to reduce the time of extraction and analysis; and 2) to
reduce the amount of solvent used in the procedures (one extraction instead of two). If interferences or high
levels of non-PCB compounds are present, a portion of the extract will be subjected to the acid cleanup and
reanalyzed. Note that if the list of target analytes includes only a limited list of components (Le.
Toxaphene, Chlordane, or PCBs), these procedures may be abbreviated to address only the analytes of
interest

2.0 SUMMARY OF METHOD

2.1 Aqueous and leacbate samples are extracted with methylene chloride using a continuous liquid/liquid
extractor (SOP EX30) or separatory funnel (SOP EX35). Soils are extracted with 1:1 hexane/acetone using a
sonic dismembrator (SOP EX40). The solvent is evaporated, the residue exchanged into hexane, and the
sample adjusted to a final volume of 10 mL. This method may also incorporate Florisil, copper, acid, and gel
permeation chromatography (GPC) cleanup. Analysis of the extract is performed on a GC equipped with dual
capillary columns connected to dual electron capture" (EC) detectors. Detection" and confirmation arc
performed simultaneously when using the dual column/dual detector configuration

2.2 The procedures for waste dilution are given in SL SOP EX42. SL SOP SG60 contains the acid and
permanganate cleanups for PCBs and includes a procedure for the elimination of sulfur with copper.

2.3 This method is based on the guidance in SW-846 Methods 8000B, 8080, 8081A, and 8082 and 40 CFR 136
Method 608.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand
or that will put you or others in potentially hazardous situations.

/•

3.2 The analyst should wear an apron or lab coat, gloves, and eye protection when handling extracts. Dilutions
should be performed under a hood or in a well-ventilated area.

3.3 The analyst must be familiar with the Material Safety Data Sheets (MSDS) for each reagent and standard used
in the analysis of pesticides and PCBs. Many of these compounds are suspected carcinogens.

SG45 Page 1 of 29 QL_ SAVANNAH LABORATORIES
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4.0 INTERFERENCES

4.1 Glassware should be scrupulously cleaned and solvent-rinsed in accordance with SL SOP AN60 to minimize
artifacts and/or elevated baselines in gas chromatograms. Any vessel that comes in contact with the extract is a
potential source for contaminatioa Method blanks that are extracted and analyzed with each batch of samples
will provide clues to the source of contamination form the glassware and reagents.

4.2 Matrix interferences may be caused by contaminants that are co-extracted from the sample. The following
table lists cleanups may be implemented to eliminate or reduce interferences in order to achieve the lowest
possible detection limits. If matrix interferences continue after a clean up has been performed, the sample is
diluted as needed for data analysis. If a cleanup is used, the method blank must also be subjected to the
cleanup.

CLEAN-UP
PROCEDURE
Florisil
Sulfuric acid /
permanganate
Copper
GPC

SLSOP

EX62
EX60

EX60
EX61

APPLICATION

pest/PCBs
only PCBs

pest/PCBs
pest/PCBs

EFFECTIVENESS

Eliminates polar non-target compounds
Eliminates most non-target interferences

Eliminates elemental sulfur
Eliminates high molecular weight non-target
compounds

5.0 SAMPLE COLLECTION, HANDLING, AND PRESERVATION

Aqueous samples are collected in 1-L glass containers with Teflon-lined caps. Soil/sediment samples are
collected in wide mouth glass jars equipped with Teflon Lined caps. No preservative is added The samples
must be stored at 4°C until extraction. Extraction must be performed within 7 days for aqueous samples and
within 14 days of sampling for soils/solids. The extracts must be stored at 4°C and must be analyzed within
40 days of extraction.

6.0 APPARATUS AND MATERIALS

6.1 Gas chromatograph (GQ, temperatures programmable, equipped with single or dual electron capture (EC)
detectors and a compatible autosampler. The GC should be capable of housing two columns and have make-
up gas lines for each detector

6.2 Data system compatible with the GC, with appropriate software or integration capabilities

6.3 The following column pairs are recommended '

DB-5 fused silica capillary column 30 M x 0.53 mm ID x 1.5 um film (J&W or equivalent)
DB-608 fused silica capillary column 30 M x 0.53 mm ID x 0.83 um film (J&W or equivalent)

<Or>
DB-5 fused silica capillary column 30 M x 0.32 mm ID x 0.5 um film (J&W or equivalent)
DB-17 fused silica capillary column 30 M x 0.32 mm ED x 0.5 um film (J&W or equivalent)

<Or>
DB-5 fused silica capillary column 30 M x 0.32 mm ID x 0.5 um film (J&W or equivalent)
DB-1701 fused silica capillary column 30 M x 0.32 mm ID x 0.5 um film (J&W or equivalent)

6.4 Microsyringes, 10-, 25-, 50-, 100-, 250,500-uL; Hamilton or equivalent

6.5 Volumetric flasks, 10-, 50-, 100-, 200-mL Class A

6.6 Autosampler vials, septa, and caps; compatible with the autosampler

SG45Page2of29 SAVANNAH LABORATORIES
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7.0 REAGENTS

Hexane- pesticide grade, for preparation of standards

8.0 STANDARDS

The preparation of the calibration standards must be tracked in accordance with SL SOP AN4l:Standard
Material Traceability. General guidance on the preparation of standards is given in SL SOP
AN43 -.Standard Preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab should prepare
standards from neat materials only if a certified solution is not available. See SL SOP AN43 for guidance
for standard preparation.

8.1 Calibration Standard Recipes

The recipes given in Appendix A are provided for guidance. If the recipes used are different from those given
in Table 2, the lab must clearly document the recipe as a controlled posting or as a narrative in the traceability
log. Note that the preparation of some of the calibration standard will include intermediate level standards.

The lowest level calibration standard should be at or below the equivalent of the reporting limit as defined in
the SL QAPs.

9.0 SAMPLE PREPARATION

The sample preparation procedures are described in the following SL SOPs:

Procedure
Continuous Liquid-liquid extraction
Separatory funnel extraction
Ultrasonic extraction
Waste dilution
Zymark extract concentration

Matrix
aqueous and leachates
aqueous and leachates
soils and sediments
waste samples (oils, products, etc)
aqueous, leachate, and soil extracts

SLSOP
EX30
EX35
EX40
EX42
EX50

10.0 ANALYTICAL PROCEDURE

10.1 Gas Chromatograph Operating Conditions
The instrument conditions listed in this section are for guidance. The actual conditions used by the lab must
be documented in the instrument maintenance log, data system, or run log. The goal is to have maximum
separation between the target compounds in the shortest run time while maintaining sufficient sensitivity to
detect the target compounds at the reporting limit and MDL (if required).

10.1.1 Two configurations may be used for the analysis of pesticides and PCBs. A single column may be
connected to the injection port or two columns may be connected to the injection port using a press-tight
glass y-splitter and a guard column or a glass tee to provide simultaneous detection and confirmation of the
target analytes. The following stationary phase pairs are recommended:

DB-5 fused silica capillary column 30 M x 0.53 mm ID x 1.5 um film (J&W or equivalent)
DB-608 fused silica capiliary column 30 M x 0.53 mm ED x 0.83 um film (J&W or equivalent)

<Or>
DB-5 fused silica capillary column 30 M x 0.32 mm ID x 0.5 um film (J&W or equivalent)
DB-17 fused silica capillary column 30 M x 0.32 mm ID x 0.5 um film (J&W or equivalent)

<Or>
DB-5 fused silica capillary column 30 M x 0.32 mm ID x 0.5 um film (J&W or equivalent)
DB-1701 fused silica capillary column 30 M x 0.32 mm ID x 0.5 um film (J&W or equivalent)

<And>
Guard Column 6 m x 0.53 mm ID

SG45 Page 3 of 29 SL SM*NN*" LABORATORIES
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A guard column is recommended to help protect the analytical columns. Capillary columns (0.32mmID)
generally do not have the capacity of the megabore columns and should not be used for analysis of oily
samples.

10.1.2 GC Parameters

Injector: 240-260°C
Detector: 300°C
Carrier Gas Flow: Helium at 5 mL/min (per column)
Make-up Gas Flow: Nitrogen at 25 mL/min (per detector)-see manufacturer's recommended flows

Temperature program (example chromatogram temperature program):

Initial Temp:
Initial Hold:
Program Rate:
Final Temp:
Injected Volume:

160 C
4.0min
lOC/min
270 C (hold for 10 minutes)
2-4uL - l-2uL per column (single injection into guard column and "Y"
splitter)

10.2

NOTE: These conditions and parameters are given for guidance. The conditions and parameters
may be modified to optimize the analytical system.

Calibration
The external standard calibration technique is employed for the determination of the concentration of
pesticides and PCBs

10.2.1 Column Evaluation
The column(s) must be evaluated prior to the analysis of the calibration standards. The column evaluation
is performed by injecting Endrin and p,p'-DDT and calculating the percent breakdown of these
compounds.. The column evaluation does not have to be performed if PCBs only are the target compounds.
PCBs are stable and not subject to breakdown in the injection port

10.2.1.1 If the instrument-has not been in use for greater thaa one day, a "priming" analysis may be beneficial. The
analysis of a relatively high concentration pesticide or PCB standard may help to stabilize the response of
the very sensitive EC detector. Inject a standard that is about lOx the concentration of the highest
calibration standard and allow the instrument to cycle through the temperature program. It is not necessary
to acquire the data but the baseline should be monitored before and after the priming analysis to gauge the
condition of the detector. A hexane blank should be analyzed after the analysis of the priming standard and
before the %breakdown check.

NOTE: The "priming" standard should be injected by hand to avoid contaminating the autosampler syringe.

Inject the Endrin/DDT breakdown standard. Check the peak integrations and calculate the breakdown as
follows:

Area (Endrin ketone) + Area (Endrin aldehyde)
%Breakdown Endrin = —— -x lOO

Area (Endrin) + Area (Endrin ketone) + Area (Endrin aldehyde)

%Breakdown DDT =
Area (DDE) + Area (ODD)

_.———— x 100
Area (DDT) + Area (DDE) + Area (ODD)

SG45Page4of29 SAVANNAH LABORATORIES
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The breakdown for each compound must be less than 15%. If the breakdown exceeds 15%, the instrument
will require column and/or injector port maintenance. The maintenance may include but is not limited to
replacing the septum, clipping the front of the column, and replacing the glass injector sleeve.

10.2.2 InitialCalibration

The initial calibration for this procedure involves the analysis of a multi-point calibration for the single
peak pesticides, a multi-point curve for a mixture of AR1016 and AR1260, and single point calibration
standards for the remaining Aroclors, Toxaphene, and technical Chlordane. Note that depending on
instrument resolving power, the initial calibration of single components may be achieved using one mix
containing all single components, or using 2 mixes with the target list split between the mixes.

Note that the following offers two (2) options for quantitation - calibration curve or average RF. Only one
need be chosen per analyte.

10.2.2.1 Prepare and inject the calibration standards using the guidelines listed in Section 8 of this SOP. Injector
port and column maintenance should be performed on the instrument prior to the analysis of the initial
calibration standards. Guidance for establishing the analytical sequence is given in Section 10.3.

10.2.2.2 Evaluate the standard chromatograms. Some questions to ask at this point are:

>Is there contamination in the hexane blank? If so, has maintenance been performed on the instrument
lately? Has the septum been changed? Is the column properly seated in the injector and detector ports?

>Did all of the standards inject properly? Are there peaks for each of the standards analyzed? Do the
patterns look normal?

>Are the peaks symmetrical? Is there tailing or fronting?

>Are the areas of the peaks normal for the sensitivity setting being used?

10.2.2.3 Inspect each chromatogram to ensure that the peaks are properly identified and that the correct areas have
been associated with the corresponding standard peak RT in the data system tabulation.

10.2.2.4 Calibration Curve Option: A calibration curve is established for each analyte by plotting the
concentration along the x-axis and the corresponding response along the y-axis. If the correlation
coefficient of the regression curve is greater than 0.99, the curve can be used to quantify samples.

*
NOTE: Linear regression curves must be used for South Carolina DHEC compliance samples. See pre-
prqject plans and client QAPs for other exceptions to using non-linear curve fitting.

10.2.2.5 Average RF/CF Option:

Calculate the response factor of each calibration standard, the average response factor and the relative
standard deviation using the following equations:
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Response Factor

mg/mL _ mg
XRF ~ ~~ Tarea mL area

Note that the inverse relationship can also be used to evaluate the response of the detector. Dividing the
area of the standard by the concentration is referred to as the calibration factor.

Average Response Factor

Relative Standard Deviation

and

standard deviation
%RSD = ————==———— ® 100RF

Standard Deviation =
77-7

Where

RFj = response factor of the individual calibration level
RF = average response factor

If the relative standard deviation is less than 20% for the target compounds in the initial calibration, the
calibration is considered linear and the average response factor (or calibration factor) may be used for
quantitation.

NOTE ON 8000-SERffiS METHODS: If the %RSD for any target compound in the initial calibration
exceeds 20%, a calibration curve must be constructed and evaluated for that compound In addition to
meeting the correlation coefficient requirements in 10.2.1.3, the average %RSD for all of the compounds
in the initial calibration must be less than or equal to 20% for the initial calibration to be used

10.2.3 Calibration is verified every 12 hours or 20 samples, whichever is more frequent by the,analysis of
continuing calibration check standards. The single component pesticides are verified using the mid-level
single component pesticide standard(s). PCB calibration is verified using the mid-point AR1660 standard
Additionally, breakdown must be evaluated every 12 hours. Refer to section 10.2.1 for procedures for
evaluating breakdown. Toxaphene and technical chlordane are only verified when encountered in samples
or when they are the only analytes of interest. Note that sections 11.1.5.1 - 11.1.5.3 detail specific
calibration procedures for the multiresponse analytes. Note that the following criteria apply to calibration
standards analyzed before and after samples. In situations where compounds fail criteria high and no
positive for the compound(s) failing high are detected, these samples may be reported.
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10.2.3.1 Analyze the standards. Tabulate the area of the target analytes and calculate the response factors if using
the average RF/CF option. If using the calibration curve option, calculation of the RF is unnecessary.

Response Factor:

mg/mL _ mg___
X tr ~ ——————— ~ ~—f———————area mL area

Note that the inverse relationship can also be used to evaluate the response of the detector. Dividing the
area of the standard by the concentration is referred to as the calibration factor.

Calculate the percent drift or percent difference between the initial and continuing calibration:

«xr^ •/• result - expected ,„„%Dnft = ————— - ——— xlOO
expected

Where
result = concentration or nanograms on-column of the calibration check standard quanted against the curve
expected = true concentration or nanograms on-column of the calibration check standard

%Difference = ""< j c o " t x 100
KFinit

Where
RFinit = average response factor from the initial calibration curve
Rf«)ot= response factor from the continuing calibration standard

If the percent drift or percent difference is less than or equal to 15%, the calibration curve is verified and
the average response factor is used for quantitatioa

<
If the percent difference is greater than 15%, another continuing calibration standard should be analyzed.
Repeated failure may be a sign of instrument or standard degradation. If the continuing calibration criteria
are not met, a new initial calibration must be prepared and analyzed.

NOTE ON 8000-SERIES METHODS: If the % difference or % drift for any target compound in the CCV
exceeds 15%, the calibration curve can still be used for quantitation if the average % difference or % drift
for all of the compounds in the CCV is less than or equal to 15%.

10.3 Sample Analysis Sequence
The analytical sequences for the 600- and 8000-series methods are given in the respective summaries
included after Section 15 of this SOP.

10.3.1 The sample extract is injected using the same injection volume used for the calibration standards. Extracts
that are known to be relatively clean should be analyzed first. Extracts suspected of containing high
concentrations should be analyzed last Instrument blanks (hexane) may be analyzed after suspected high
concentration samples to allow the detector response to stabilize.
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10.3.2 If the concentration of target compounds exceeds the working range (defined by the highest standard in the
initial calibration), the extract must be diluted and reanalyzed. A dilution should bring the area of the
largest peak of interest into the upper half of the calibration curve. For the single point multicomponent
products, the extract should be diluted until the area is no more than a factor of two above the area of the
single point standard (see section 11.1 for quantitation of multi-peak target compounds).

NOTE: Unless otherwise specified by a client or QA plan, results from a single dilution are reportable as
long as the largest target analyte (when multiple analytes are present) is in the upper half of the calibration
range. When reporting results from dilutions, appropriate data flags should be used (*F34 or *F42) or
qualification in a case narrative provided to the client. For TCLP analyses, every effort should be made to
achieve the regulatory level without substantial instrument overload.

For clients who demand we provide lower detection limits, a general guide would be to report the dilution
detailed above and one additional run at a dilution factor 1/10 the dilution factor with the highest target in
the upper half of the calibration curve (i.e., a sample analyzed at a DF of 50 resulting in a hit in the upper
half of the calibration curve would be reanalyzed at a DF of 5 to provide lower detection limits to the
client). Project managers and lab staff must work together to balance client satisfaction with productivity.

10.4 Determination of Retention Time Windows

The procedure for the determination of retention time windows is given in SL SOP AN66: Determination
of Retention Time Windows for Gas Chromatographic Analyses.

11.0 DATA ANALYSIS/CALCULATIONS

The evaluation of chromatograms for target compounds must take into account the calibration of the
analytical system (initial and continuing calibration response and retention times), the recovery and
retention time shift of the surrogate compounds, whether the peak response falls within the working range
of the calibration, and the integration of the peaks. Manual integration must be documented in accordance
with SL SOP AN65. The analyst must also take into account the results from the method blank and lab
control sample before reporting quantitative data.

The judgement and experience of the analyst and his/her colleagues is an important part of the evaluation of
Chromatographic data. The analyst should ask:

Is there previous data or current information about the sample that would aid in evaluating the data?
Do the peaks look normal?
Are peaks correctly integrated?
Are there co-eluting peaks or matrix interferences? <

11.1 Qualitative analysis

Identification of the target compounds is based on retention time. The analyst should scan the sample
chromatogram for the target compounds on the primary analytical column. The analyst should use the
retention time (RT) window calculated around the CCV as guidance for the identification of the target
compounds. The analyst should also note shifts in the retention times of the surrogate compounds to help
gauge possible shifts in the RT of the target compounds. See SL SOP AN66.

t*

NOTE: It is important to note that the retention time window applies only to peaks that are within the
calibration range of the curve. Peaks areas that exceed the established working range of the calibration
curve may result in significant retention time shifts; therefore, all peaks which have significant areas and
elute closely to a target compound should be tentatively identified as a target compound and evaluated as
such. Peaks over-range are handled using dilutions as detailed above (10.3.2).

NOTE: Elemental sulfur present in the extract will cause a large, irregular interfering peak in the middle of
the chromatogram. When sulfur interference is suspected samples should be copper cleaned as detailed in
SL SOP EX60.
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11.1.1 The surrogates should be evaluated first to check for shifts in retention times and to evaluate the surrogate
recovery.

Two surrogates are spiked: 2,3,4,6-tetrachloro-m-xyIene (TCMX) and decachlorobiphenyl (DCB). DCB
should be evaluated as the main surrogate and TCMX is evaluated if there is matrix interference with DCB.
The recovery criteria are given in Section 5 of the SL QAP.

Given the complicated nature of GC-ECD chromatograms, assessing surrogate recover)' is frequently
complicated by co-eluting positive and negative interferences. Generally, it is expedient to calculate the
recovery of both surrogates on one chromatogram. If these recoveries are deemed acceptable, the other
channel is not evaluated for recovery. If interferences are suspected, evaluate recoveries on the other
channel. Note that given this nature, an extract is considered acceptable if one of the 4 potentially
calculated recoveries is acceptable.

NOTE: If the recovery of the surrogate(s) is above the upper control limit and no target compounds are
detected in the sample, results may be reported. Refer to section 13 of the current QA Plan regarding this
issue.

11.1.2 Label and calculate the concentration of each peak that corresponds to a target compound. Observe the
general appearance of the chromatogram for possible dilutions, matrix interferences, the presence of multi-
response peaks (technical chlordane, Toxaphene, and the Aroclors) and the overall shapes of the peaks.

If the concentration is below the detection limit, the reporting limit (RL) for that compound is calculated
(Section 11.2). The RL is calculated for all target compounds that are not detected on the primary analytical
column. A line should be drawn through any data system generated hits not called by the analyst.
Peaks over-range are handled using dilutions as detailed above (10.3.2).

NOTE: If a peak is over range on the primary column, evaluate the confirmation column. If no peak is
detected or if the concentration is within the calibration range, the analysis at a dilution is not necessary.

11.1.3 If the result for a target is above the reporting limit (RL) on the primary column, evaluate the confirmation
column. Use the retention time window calculated using the CCV as guidance for the identification of the
target compounds. Note shifts in the retention times of the surrogate compounds to help gauge possible
-shifts in the RT of the target compounds.

If the target compound is detected on the confirmation column, the concentration of the target compound is
calculated and compared to the result from the primary column. The relative percent difference is
calculated: <

%RPD =
(Cprim - Cconf)
(Cprim + Cconf) 0100

Where
Cprim = concentration of the target compound on the primary column
Cconf = concentration of the target compound on the confirmation column

If the relative percent difference is less than 40%, the presence of the target compound is confirmed and the
lower concentration is reported.
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NOTE: The relative percent difference between any two numbers will be a maximum of 200%. A large
relative percent difference may be acceptable at concentrations near the reporting limit If in doubt about
whether to report a peak as a quantitative result consult the section supervisor.

•

If the %RPD is greater than 40%, evaluate the chromatograms to determine if matrix interferences are
present on one or both columns. If interference is detected, flag the result to note the disparity between the
results. Alternatively, dilute the extract to a level that removes the interference and report the RL from this
dilution or perform additional cleanup as detailed in SOP EX60, EX61, EX62 is appropriate.

The following table summarizes the general guidance for the evaluating of chromatographic data. The table
assumes that the calibration criteria have been met and that the sample has acceptable associated surrogate and lab
spike recoveries.

PEAK INFORMATION ACTION REPORT*

No peaks found on primary or
secondary column

Report < RL

Peak found within RTW on
primary column

Peak is tentatively identified as the
target

If concentration < RL, report < RL

If concentration > RL, evaluate
confirmation column.

Peak found within RTW on
confirmation column

Peak is confirmed as the target If concentration < RL, report <RL

If concentration >RL, calculate
%RPD

-if%RPD<40%, report lower
concentration of primary and
confirmation analyses.

-if%RPD>40%, flag result to note
the disparity

Case narrative or note to PM may
be required for complex matrices.

*RL may be the SL Reporting Limit in Table 5 of the CQAP or may be defined by the client QAP or contract

The analyst must clearly show how the reported sample results were determined. False hits identified as
targets by the data system should be "struck our by drawing a line through the hit on the quantitation
report. Manual calculations and integrations must be documented.

11.1.4 Identification "Tools"

11.1.4.1 Relative Retention Time

The retention time of a surrogate compound provides useful information about the stability of the GC
system. If the surrogate RT has not changed, it is probable that the target analytes RTs have not changed.
The relative retention time can help the analyst to evaluate a peak:

r\ I surrogate
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The relative retention time will remain fairly constant under the same GC conditions.. The expected
retention time of the target can be estimated from the RRT and the RT of the reference (in this case, the
surrogate):

target' °° ' * RTsum)gate

The analyst must be alert for the presence of matrix interferences and evaluate the data on both columns
before making an identification.

11.1.4.2 Co-Injection
Another useful "tool" is to add a known amount of the target analyte to a portion of the extract. The
analysis of this "fortified extract" may provide chromatographic information that supports or refutes the
initial identification. The analyst is cautioned to use this approach with discretion and with consultation
with the GC supervisor. As a general rule, spike a portion of the extract with an amount of target analyte
that will result in about a 2-fold increase in response.

NOTE: Do not perform this procedure until you hove exhausted all other avenues and have consulted with
the GC supervisor or other manager with GC experience.

11.1.5 Qualitative Analysis of Multiple Peak Compounds

Identification of multicomponent pesticides/PCBs is based on the recognition of their chromatographic
patterns. Quantitation is performed using the area of characteristic peaks in the sample and standard using
external calibration procedures.

If compound identification or quantitation is precluded due to interference (e.g., broad, rounded peaks or
ill-defined baselines are present) cleanup of the extract may be warranted. Suggested cleanup options are
given in Section 4.

11.1.5.1 PCBs

PCBs are generally reported as Aroclors. The Aroclors have varying levels of PCB congeners with the last
'two numbers in the Aroclor designation indicating the weight percent of chlorine. For example, AR1221 is
21% chlorine by weight; AR1260 is 60% chlorine by weight. The 12- in the Aroclor designation represents
the biphenyl molecule. The exception to this naming convention is AR1016, which is about 42% chlorine
by weight. (Note that AR1026 and AR1242 have similar chromatograms - both Aroclors hpve almost the
same weight of chlorine by weight and nearly the same PCB congeners.)

Aroclors are identified by matching the pattern of the sample with standards analyzed under the same
analytical conditions. Interference may occur due to the presence of non-target analytes or due to
"weathering" of the Aroclor in the environment. The presence of multiple Aroclors will also complicate the
identification and quantitation of the Aroclors. Many matrix interferences may be reduced or eliminated by
treating the sample extract with copper, sulfuric acid, and permanganate prior to analysis. SL SOP EX60
details this procedure. NOTE: Do not use the acid or permanganate cleanup on the entire extract if
pesticides are also to be reported as many of the pesticides are not stable in acid or strong oxidizer.

/•

When a pattern matching an Aroclor is encountered, it may be quantitated using either the 3-5 characteristic
peaks (preferred) or total area response or by using 3-5 characteristic peaks (preferred). Total area
quantitation should only be used as detailed below. Residues of either AR1016 or AR1260 are quantitated
using the average RF/CF determined during initial calibration. The other Aroclors are quantitated against
the RF/CF determined from their single-point analysis during initial calibration. Samples should be diluted
when the amount of PCB in a sample extract exceeds the calibration range defined in initial calibration.
Note that the AR1660 standard defines the working range for all the Aroclors (i.e. if AR1660 was
calibrated from 1 to 100 ug/ml, and a sample extract was analyzed containing 200 ug/ml of AR1232, that
extract would require dilution to get the amount of AR1232 to be less than 100 ug/ml.)
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In the 3-5 peak approach, use each peak in the standard to calculate a calibration factor for that peak, using
the total mass of PCB in the standard. These calibration factors are then used to calculate the concentration
of each corresponding peak in the sample chromatogram and the 3-5 resulting concentrations are averaged
to provide the final result for the sample.

"Weathering" is the loss of part of the Aroclor pattern due to biological or chemical degradation of
individual PCBs. When weathering is suspected, try to match the later eluting peaks first. Flag the results
for a weathered Aroclor pattern as tentatively identified and make a note in the case narrative if provided.

The presence of multiple Aroclors can be a problem to identify since most Aroclors have at least a few
PCBs in commoa The easiest case would be to have early and late eluting Aroclors present. The most
difficult cases will involve the presence of Aroclors with the same relative chlorine level. In cases where
the identification of Aroclors cannot be clearly determined, quantify the Aroclors against the Aroclor that
most closely matches the pattern of the sample using the total area of all peaks within the pattern range.
The result should be flagged and noted in the case narrative if provided.

NOTE: When choosing individual peaks for quantitation, compare their responses in the sample and
standard. If the peaks chosen do not correlate well (i.e. ratios to other peaks are close) between the sample
and standard, review the chromatograms for other possible peaks for quantitation.

11.1.5.2Toxaphene

Toxaphene is a mixture of chlorinated camphenes, which has a complex and characteristic pattern when
analyzed by GC-ECD. A single Toxaphene standard is analyzed during the initial calibration for the
purpose of pattern identification in samples. When a Toxaphene residue is detected in sample(s), sample
analysis is stopped. A calibration curve with at minimum of 5 points bracketing the instrument calibration
range for Toxaphene should be analyzed. Alternatively, single points may be prepared with Toxaphene
concentrations within 2x the Toxaphene quantity detected in the samples. Generally, the calibration curve
option is simpler. After analysis of the Toxaphene standard(s), the samples are re-analyzed using these
standard(s) for quantitation. Note that when analysis of Toxaphene-containing samples occurs over an
extended time, the calibration factor should be verified or regenerated every 12 hours.

If the sample and standard chromatogram agree well, Toxaphene is quantitated using 5 characteristic peaks
(similar to the PCB approach, above). If the sample and standard pattern do not agree as well (i.e.
individual peak ratios do not agree as well, but all the major Toxaphene components in the standard are
present in the sample), a total area integration is more appropriate. To measure total area, construct the
baseline of Toxaphene in the sample chromatogram between the retention times of the first and last eluting
Toxaphene components in the standard. Note that in order to use the total area approach, the pattern in the
sample chromatogram must be compared to that of the standard to ensure that all of the major components
in the standard are present in the sample and that extraneous peaks or humps (contributed by non-
Toxaphene components) are NOT included in the quantitatioa

When Toxaphene is determined using the 5 peak approach, the analyst must take care to evaluate the
relative areas of the peaks chosen in the sample and standard chromatograms. It is highly unlikely that the
peaks will match exactly, but the analyst should not employ peaks from the sample chromatogram whose
relative sizes or areas appear to be disproportionally larger or smaller in the sample compared to the
standard.

In the 5-peak approach, use each peak in the standard to calculate a calibration factor for that peak, using
the total mass of Toxaphene in the standard. These calibration factors are then used to calculate the
concentration of each corresponding peak in the sample chromatogram and the 5 resulting concentrations
are averaged to provide the final result for the sample.
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11.1.5.3 Chlordane - Technical Chlordane is a mixture of at least 11 major components and 30 or more minor
components that is used to prepare specific pesticide formulations. The following components are
significant: a and y Chlordane, trans-Nonachlor, Heptachlor, and Heptachlor-epoxide. The a and y
Chlordane isomers are the most prevalent and their detection as single components is a good indicator that
Technical Chlordane may be present.

The following sections discuss three specific options: reporting Technical Chlordane. reporting Chlordane
(not otherwise specified-"NOS"), and reporting the individual Chlordane components that can be identified
under their individual CAS numbers.

When the GC pattern of the residue resembles that of the Technical Chlordane standard, quantitate
Chlordane residues by comparing the area of 3 to 5 major peaks. Heptachlor and heptachlor epoxide
should not be included in this quantitation but rather should be quantitated and reported separately.

The GC pattern of a Chlordane residue in a sample may differ considerably from that of the Technical
Chlordane standard. In such instances, it may not be practical to relate a sample chromatogram back to the
lab's Technical Chlordane Standard. Therefore, depending on the objectives of the analysis, the analyst
may choose to report the sum of all the identifiable Chlordane components as "Chlordane (n.o.s.)" under
the CAS number 57-74-9. This option should only be used at the direction of or in consultation with a
project manager.

The third option is to quantitate the peaks of a-Chlordane and y-Chlordane separately against the
appropriate reference materials, and report these individual components.. This option should be used only
after consultation with the project manager. Note that quantitation values determined from the individual
Chlordane isomers will be substantially lower than those reported for the technical product.

When a Technical Chlordane residue is detected in sample(s), sample analysis is stopped. A calibration
curve with at minimum of 5 points bracketing the instrument calibration range for technical chlordane
should be analyzed. Alternatively, single points may be prepared with technical chlordane concentrations
within 2x the Technical Chlordane quantity detected in the samples. Generally, the calibration curve option
is simpler. After analysis of the technical chlordane standard(s), the samples are re-analyzed using these
standard(s) for quantitatioa Note that when analysis of technical chlordane-containing samples occurs over
an extended time, the calibration factor should be verified or regenerated every 12 hours. Note that these
procedures are not necessary if the lab is reporting chlordane as the a and y chlordane isomers, not
as the technical product.
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11.2 Calculations

Aqueous/Liquid Samples

If the calibration (regression) curve option is used, the sample concentration is calculated:

Concentration(ug I L) = Ccurve ® OF

where
Ccurve = concentration of analyte from curve (ug/mL)
QF = "quant factor"

This equation expands to:

F®DFConcentration(ug/L) = Ccurve <8>:

V

where
Ccurve = concentration of analyte from curve (ug/mL)
F = final volume of the extract (mL)
DF = dilution factor
V = volume of sample extracted (L)

If the response factor option is chosen for quantitation:

Concentration(ug/L) = RFx response x QF
where
RF = response factor
QF = "quant factor"
esponse = area or height of target compound

This equation expands to:

ug/mL F ® DFConcentration(ug/L) = —-——— ® response ® ————
response V

where
F = final volume of the extract (mL)
DF = dilution factor
V = volume of sample extracted (L)

Soils/Solids Samples

If the calibration curve option is used, the sample concentration is calculated:

Concentration^^ I kg, dw) = Ccurve <8> QF
where
Ccurve = concentration of analyte from curve (ug/mL)
QF = "quant factor"
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This equation expands to:

F®DFConcentration(ug/L) - Ccurve

where
Ccurve = concentration of analyte from curve (ug/mL)
F = final volume of the extract (mL)
DF = dilution factor
W = weight of sample extracted (kg)
solids = (percent solids)/100

If the response factor option is chosen for quantitation:

Concentration(ug I'kg, dw) = RF ® response ® QF

where
RF = response factor
QF = "quant factor"
response = area or height of target compound

This equation expands to:

W® solids

^ , ,, j. ^ ttg/mL _ _ F<8>DFConcentration(uglkg,dw) = —-——<8>respnse®—————
response W ® solids

where
F = final volume of the extract (mL)
DF = dilution factor
V = volume of sample extracted (L)
W = weight of sample extracted (kg)
solids = (percent solids)/100

(
Accuracy is expressed as percent recovery of the target analyte. The theoretical concentration, Ct,
of the spike is calculated:

LIQUIDS

Cs®VsCt(UglL) =
Vsample

where
Cs = concentration of the spiking solution, ug/mL
Vs = volume of spiking solution added to the sample, mL
Vsample = volume of sample spiked, L

nf)Q SAVANNAH LABORATORIES
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SOILS

Ct(vg/kg,dw) =
Wsample <8> solids

where
Cs = concentration of the spiking solution, ug/mL
Vs = volume of spiking solution added to the sample, tnL
Wsample = weight of sample spiked, kg
solids = (percent solids)/ 100

The percent recovery is calculated:

Ct

where
Cms = concentration determined from the analysis of the spiked sample (MS or LCS)
Csample = concentration of the unspiked sample (for LCS, let Csample = 0)
Ct = theoretical concentration of the MS or LCS

If the concentration of the unspiked sample is less than the RL, let Csample = 0.

Precision is measured as the relative percent diflfernce (%RPD), which is calculated as :

%RPD = (%RECl-%REC2)

2

0100

where
%REC 1 = percent recovery of the MS or LCS
%REC2 = percent recovery of the MSD or LCSD

12.0 QUALITY ASSURANCE/QUALITY CONTROL (

12.1 The analytical batch is discussed in SL SOP AN02: Analytical Batching, and these criteria are
summarized in the SOP Summary included in this SOP.

12.2 The method detection limit (MDL) is defined as the concentration of the an analyte that can be measured
with a 99% confidence that the result is greater than zero. See SL SOP CA90: Procedure for Determination
of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

No items are included in this revision. See Section 10 of the current SL QAP.

14.0 TROUBLESHOOTING

No items are included in this revision.
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Appendix A:CHLORINATED PESTICIDES AND PCBs STANDARDS PREPARATION

Intermediate Surrogate Standard
STOCK
STANDARD

Pesticide Surrogate

CONC.
(ug/mL)

200

uL of stock

25

fvol
(mL)

1.0

cone
(ug/mL)

5.0

Individual Standard Mix A

STOCK
STANDARD

Pesticide Std A

Pesticide Surrogate
Intermediate

CONC.
(ug/mL)

5-100

5.0

ISMA-1
*

lOuL

lOuL

ISMA-2
*

20uL

20uL

ISMA-3
*

40uL

40uL

ISMA-4
*

60uL

60uL

ISMA-5
*

lOOuL

lOOuL

*microliters to lOmL hexane(final volume)

Individual Standard Mix B

*microliters to lOmL hexane(final volume)

Concentrations of the Target Compounds in the Calibration Standards

STOCK
STANDARD

Pesticide Std B

Pesticide Surrogate
Intermediate

CONC.
(ug/mL)

5-50

5.0

ISMB-1
*

lOuL

lOuL

ISMB-2
*

20uL

20uL

ISMB-3
*

40uL

40uL

ISMB4
*

60uL

60uL

ISMB-5
*

lOOuL

lOOuL

Target compound

g-BHC(Lindane), TCMX, DCB

Aldrin, Dieldrin,
Endosulfan I, Heptachlor,
Heptachlor epoxide

p,p'-DDT, Endosulfan E

Endrin aldehyde

Methoxychlor

ISMA-1
(ug/mL)

0.0050

0.010

0.020

0.0025

0.10

ISMA-2
(ug/mL)

0.010

0.020

0.040

0.050

0.20

ISMA-3
(ug/mL)

0.020

0.040

0.080

0.10

0.40

ISMA-4
(ug/mL)

0.030

0.060

0.12

0.15

0.60

ISMA-5
(ug/mL)

0.050

0.10

0.20

0.25

1.0
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Appendii A

Target compound

a-BHC, TCMX, DCB

Aldrin, b-BHC, d-BHC,
a-Chlordane, g-Chlordane,
p,p'-DDE, Endrin

p,p'-DDD,
Endosulfan sulfate,
Endrin ketone

ISMB-1
(ug/mL)

0.0050

0.010

0.020

ISMB-2
(ug/mL)

0.010

0.020

0.040

ISMB-3
(ug/mL)

0.020

0.040

0.080

ISMB-4
(ug/mL)

0.030

0.060

0.12

ISMB-5
(ug/mL)

0.050

0.10

0.20

CHLORINATED PESTICIDES STANDARDS PREPARATION

Technical Chlordane Intermediate Standard
STOCK
STANDARD

Technical
Chlordane

CONC.
(ug/mL)

1000

uL of stock

100

fvol
(mL)

1.0

cone
(ug/mL)

100

Toxaphene Single Intermediate Standard
STOCK
STANDARD

Toxaphene

CONC.
(ug/mL)

1000

uL of stock

100

fvol
(mL)

1.0

cone
(ug/mL)

100

Single point calibration standards are analyzed for t-Chlordane (0.20ug/mL) and Toxaphene (l.Oug/mL) with the
routine analytical sequence. If either of these target compounds is detected in field samples, a three point curve
(EPA608) or a five point curve (EPA 8080/8081) must be analyzed and evaluated and the sample extracts containing
these targets re-analyzed

Technical Chlordane Five-point Curve- 0.10,0.20,0.40,0.60,0.80ug/mL
STOCK
STANDARD

Technical
Chlordane

CONC.
(ug/mL)

100

TCHLOR
-1*

10

TCHLOR
-2*

20

TCHLOR
-3*

40

TCHLOR
-4*

60

TCHLOR
-5*

80

*microliters to lOmL hexane(final volume)

Toxaphene Five-point Curve- 0.10,0.25, 0.50,1.0,2.0ug/mL
STOCK
STANDARD
Toxaphene
Intermediate

CONC.
(ug/mL)

100

TOX
-1*

10

TOX
-2*

25

TOX
-3*

50

TOX
-4*

100

TOX
-5*

200

*microliters to lOmL hexane(final volume)
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Appendix A
AROCLOR STANDARDS PREPARATION

The Aroclor (PCB) standards can be used for EPA Method 8080/808lAto report the routine list of Arodors. The
standards are prepared in hexane at a final volume of lOmL and stored at 4C. AR1660 is used to establish calibration
linearity for the Aroclor mixtures and is used as the calibration check. Use AR1660 as a guide if calibration curve of
other Aroclors required

Intermediate AR1660/surrogate standard
STOCK
STANDARD

Arl016

Arl260

TMX/DCB

CONC
(ug/mL)

1000

1000

200

uL of stock to lOmL
hexane

100

100

10

cone, of intermediate
std(ug/mL)

10

10

0.2

Working Level AR1660/sunogate standards

INTERM
STANDARD

AR1660/
Surrogate

CONC
(ug/mL)

10
0.2

AR1660
-1*

100
(0.10)

AR1660
-2*

200
(0.20)

AR1660
-3*

500
(0-50)

AR1660
-4*

1000
(1.0)

AR1660
-5*

2000
(2.0)

*microliters (mL) of intermediate standard used to prepare lOmL of working standard in hexane

Concentrations of the AR1660 Standards
Calibration Std

AR1660-1

AR1660-2

AR1660-3

AR1660-4

AR1660-5

AR1016(ug/mL)

0.10

0.20

0.50

1.0

2.0

AR1260(ug/mL)

0.10

0.20

0.50

1.0

2.0

surrogates

0.002

0.004

0.010

0.020

0.040

AR2154 Calibration Standard
STOCK
STANDARD

Arl221

Arl254

CONC
(ug/mL)

1000

1000

uLofstocktolOmL
hexane

10

10

cone. AR2154-1
(ug/mL)

1.0

1.0

AR1232 Calibration Standard
STOCK
STANDARD

Arl232

CONC
(ug/mL)

1000

uL of stock to lOmL
hexane
10

cone. AR1232-1
(ug/mL)

1.0
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Appendix A

AR1242 Calibration Standard

STOCK
STANDARD

Arl242

CONC
(ug/mL)

1000

uL of stock to lOmL
hexane

10

cone. AR1242-1
(ug/mL)

1.0

AR1248 Calibration Standard
STOCK
STANDARD

Arl248

CONC
(ug/mL)

1000

uL of stock to lOmL
hexane

10

conc.AR1248-l
std(ug/mL)

1.0

DDT/Endrin Breakdown Evaluation Standard
STOCK
STANDARD

Column
Evaluation

CONC
(ug/mL)

2

uL of stock to lOmL
hexane

10

cone. AR1 248-1
std(ug/mL)

0.020

The evaluation standard also contains aldrin and dibutyl chlorendate.
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Appendix B

608/8080/8081/8082 METHOD SUMMARY

HOLD TIMES

MATRIX

Aqueous
Soil/
sediment

Waste

TCLP

Preservative/
storage*

none; 4C

none; 4C

none; 4C

none; 4C

Routine
Container

1-L amber

500-mL

Glass

1-L amber

Sample
Hold Time

7 days

14 days

14 days

7 days

Extract
Hold Time

40 days

40 days

40 days

40 days
*Storage temperature is 4C with a control criteria of less than 6C with no frozen samples

EXTRACTION
Aqueous: Approximately IL of sample (contents of container) using continuous or separatory funnel extraction at
pH 5-9 with methylene chloride; exchange to hexane and concentrate to final volume of lOmL
Soil/Solids: Approximately 30g of sample using sonication with 1:1 acetone/hexane;
Concentrate to final volume of lOmL in hexane
Wastes: Approximately Ig of sample diluted to final volume of lOmL with hexane

ANALYSIS
Dual capillary columns with dual EC; 2-5uL injection into glass tee or y-splitter, external standard calibration

SEQUENCE-600-series
Endrin/p,p'-DDT breakdown evaluation (recommended)
Initial Calibration-
3 point single peaks compounds
1 point all Aroclors
1 point toxaphene
1 point technical chlordane
Initial Calibration Verification (ICV)
Sample analyses
Continuing calibration verification (CCV)-daily-every 24 hours
Single peak compounds
AR1660
RL standard(optional; required by state or client QAP)
Sample analyses

Sequence continues until all samples have been analyzed or the CCV fails the acceptance criteria. If a multi-peak
target compound is detected, the extract is reanalyzed with a 3-point curve.

SURROGATE(S):
Tetrachloro-m-xylene- 0.20ug/L
Decachlorobiphenyl-0.20ug/L

BATCH QC
Method blank
LCS/LCSD- full target of single peak analytes @ 0.20ug/L
MS/MSD- full target of single peak analytes @ 0.20ug/L

SG45Page22of29 SAVANNAH LABORATORIES
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Appendix B

SEQUENCE-8000-series

STANDARD/SAMPLES

Endrin/p,p'-DDT breakdown (every 12 hours)

Initial Calibration-
5 point single peaks
5 point Arl660(notel)
1 point Toxaphene
1 point tech Chlordane
1 point remaining Aroclors

Up to twenty sample extracts

Endrin/p,p'-DDT breakdown (every 12 hours)

Continuing calibration check
midpoint single peaks
midpoint Arl660(notel)

RL Standard(optional)-lowest point on the calibration curve if
required by state or client QAP

Up to twenty sample extracts
The sequence continues until all samples have been analyzed or until the calibration verification fails the acceptance
criteria. All samples extract analyses must be bracketed by acceptable verification standards.

Note 1-A mixture of Arl016 and Arl260 will be used to calibrate and verify the response for PCBs and to verify the
response for Toxaphene and technical Chlordane in the continuing calibration.

SURROGATE (S):
Tetrachloro-m-xylene- 0.20ug/L
Tecachlorobiphenyl-0.20ug/L

BATCH QC
Method blank
LCS- CQAP subset
MS/MSD- CQAP subset

Parameter

Lindane

Aldrin

Heptachlor

Dieldrin

Endrin

p,p'-DDT

Aqueous(ug/L)

0.20

0.20

0.20

0.50

0.50

0.50

Soils(ug/kg)

6.0

6.0

6.0

15

15

15
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Appendix B

8000-SERIES CALIBRATION

Initial calibration is performed upon instrument startup and whenever the continuing calibration verification standard
fails the acceptance criteria A calibration curve is prepared for all target compounds with the lowest standard
concentration at or below the reporting limit and the remaining standards defining the working range of the detector.
After the initial calibration standards are injected, a calibration curve is constructed using either internal standard or
external standard methodology. The curve is inspected before proceeding with sample analysis. The correlation
coefficient must be greater than or equal to 0.99. An alternative to quantisation from a calibration curve is quantitation
from an average response factor. If the %RSD of the calibration curve is less than or equal to the acceptance criteria,
the average response factor can be used for quantitation. A midpoint calibration verification standard must be analyzed
at the frequency specified in the method SOP as a check on the validity of the initial calibration. If the percent
difference or percent drift is within the acceptance criteria, the curve is acceptable for quantitation of samples.

8000-series ICAL exception if the %RSD criteria is used to evaluate the calibration curve:
If one or more compounds fail the %RSD criteria, the calibration curve can be used for quantitation if the average
%RSD of ALL of the compounds in the calibration standard is less than or equal to 20% and the user of the data is
notified of the compounds that fail.

8000-series CCAL exception for %drift or %difference criteria:
If one or more compounds fail the %drift or %difference criteria, the calibration may still be considered valid if the
average %drift or %difference of ALL of the compounds in the calibration standard is less than or equal to 15% and
the user of the data is notified of the compounds that fail.

If the CCV standard analyzed after the samples fails to meet the acceptance criteria and the response of the mid
point standard is above the criteria (that is the response of the analytical system has increased), samples which have
no target compounds detected above the RL may be reported as <RL, since the compounds would have been
detected if present. (SW-846 Method 8000B).
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QC CHECK FREQUENCY ACEPTANCE
CRITERIA

CORRECTIVE
ACTION

p,p'-DDT and Endrin breakdown check
-required for 8000-series, recommended for 600-
series

Initially and every 12
hours

% breakdown of both
compounds less than 20%

-re-analyze check solution
-perform injector port and/or column
maintenance and re-analyze

Initial Calibration-
600-series:3 point minimum with lowest point at
RL
8000-series:5 point minimum with lowest point at
RL

Initially prior to sample
analysis, when major
instrument maintenance
performed, or when CCV
fails

600-series:
1)RSD of each target
<= 10%; OR
2) plot regression curve
CC>=0.99 for each target
8000-series:
1)RSD of each target
<= 20%; OR
2) plot regression curve
CC>=0.99 for each target
(see previous page for
exceptions)

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Continuing calibration verification(CCV) After every ten to twenty
sample analyses and at
the end of the sequence if
external standard
calibration is used

Percent difference or drift
<= 15%

(see previous page for
exceptions)

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Method blank Per batch All targets reported less
than RL in Section 5 of
the SL CQAP

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP

=c
82
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QC CHECK FREQUENCY ACEPTANCE
CRITERIA

CORRECTIVE
ACTION

Lab control sample (LCS)-
subset of targets in SL CQAP

Per batch
(If MS/MSD cannot be
performed, the LCS must
be performed in
duplicate)

Recoveries within SL
CQAP Section 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP

Matrix spike(MS) and matrix spike duplicate
(MSD)

Per batch Recoveries within SL
CQAP Section 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP

Surrogates All samples, method
blanks, and QC

Recoveries within SL
CQAP Table 5 limits
See section 11.1.1. for
specifics

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP

Reporting limit(RL) standard-standard at the
reporting limit used to verify sensitivity of the
instrument

Daily(optional-see
specific state or client
requirements for
frequency)

Detected with reasonable
sensitivity

-Reanalyze RL standard
-Remake and reanalyze RL standard
-Perform instrument or column maintenance,
recalibrate, and reanalyze associated samples

Retention time window determination See guidance in SL SOP
AN66

See guidance in SL SOP
AN66

Use guidance in SL SOP AN66:
Determination of Retention Time Windows in
Gas Chromatographic
Analyses

(Rr
If3*
h
3D
«§5E
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QC CHECK

Initial demonstration of Capability
(Ihe analyst has to perform the IDOC for either of
the analogous 600 or 8000 series methods- not
both)

Method detection limit(MDL)

FREQUENCY

Per analyst

See SL SOP CA90

ACEPTANCE
CRITERIA

Within the 600- or 8000-
series method limits

Evaluate data using
criteria SL SOP CA90

CORRECTIVE
ACTION

-Reanalyze QC sample for the targets that
failed to meet the criteria

-Evaluate data. Check calculations.
-Reanalyze MDL samples.

0)r
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Appendix B
TABLE 1

Compound

Tetrachloro-m-xylene
Alpha-BHC
Gamma-BHC (Lindane)
Beta-BHC
Heptachlor
Delta-BHC
Aldrin
Heptachlor epoxide
Gamma-Chlordane
Alpha-Chlordane
Endosulfan I
4,4'-DDE
Dieldnn
Endrin
4,4'-DDD
Endosulfan I
4,4'-DDT
Endrin aldehyde
Endosulfan sulfate
Dibutyl chlorendate
Methoxylchlor
Endrin ketone
Decachlorobiphenyl
Technical chlordane
Toxaphene
AR1221
AR1232
AR1016
AR1242
AR1248
AR1254
AR1260
Isodrin
Chlorobenzilate
AR1268

RT
COL1

5.26
7.39
8.63
8.80
9.54
9.83
10.38
11.96
12.31
12.72
12.86
13.39
13.63
14.45
14.75
14.97
15.54
15.76
15.98
16.73
17.60
17.79
21.36
MR
MR
MR
MR
MR
MR
MR
MR
MR
11.85
14.51
MR

RT
COL 2

6.65
7.71
8.65
8.39
10.61
9.19
11.53
12.51
13.04
13.41
13.42
13.84
14.05
14.53
14.83
14.78
15.78
15.21
15.71
17.80
17.04
16.82
22.36
MR
MR
MR
MR
MR
MR
MR
MR
MR
12.45
14.79
MR

CHROMAT

MR = multi-peak/multi-response compounds

COL 1 = DB608 COL2 = DB-5

SG45Page28of29 SAVANNAH LABORATORIES
t CHVmONUCNTtl SEBWCfS INC



SG45:07.15.98:5

Appendix C

SG45 APPENDIX: EXAMPLE CHROMATOGRAMS
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Data Fll«: /chem/SC/SCMECDl,i/lMi209.b/cdc0928.d Pafe 3
Date : 10-DEC-97 07:51:00
Client ID: PISHfl-04 Instrument: SCHECDi.i

Sanple Info: PISHft-04~lH1209

Operator: BW
Column phase: DB-G08 Column diameter: 0.53

/chem/SC/SCHECDl . i /1H1209 . b/odc0928 . d/odo0928 . HDR
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Data F i l e ; /cheii/SC/SCHECD2. i/lH1209.b/ddc0928.d
Date : 10-DEC-97 07:51:00
Client ID: PlShft-O4
Sample Info; PISMfl-04"lH1209

Column phase: DB-5

Instrument: SCHECD2.1

Operator; BU
Column diameter: 0.53
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Data File; /chen/SG/SGMECDl.i/1M1209.b/cdc0929.d
Date I 10-DEC-97 08:19;00
Client ID: PISHB-04
Sample Info; PISHB-04~1M1209

Column phase; DB-608

Instrument: SCIIECDl.i

Operator: BN
Column diameter: 0.53
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Uata File; /cherv'SG/SGMECD2. i/iM1209.b/ddo0929.d
Date ! 10-DEC-97 08:19:00

Client ID: PISHB-04
Sample Info: PISMB-04~1M1209

Column phase; DB-5

Instrunent: SGHECD2.i

Operator: BW
Column dianeter: 0.53

Pace 3
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Data F i l e : /ohem/SC/SCJECDl. i/U1212.b/edol244.d
Date ; 14-DEC-97 04;22;00
Client ID: PISOC-04
Sample Info; PISOC-04~1J1212

Column phase: DB-608

Page 2

Instrument; SCJECDl.i

Operator: BH
Colutin diameter: 0.53

1.26-;
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1.16-;
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Data F i l e ; /cheo//SC/SGJECD2. i/U1212.b<'fdolZ<44.d
Date : 14-DEC-97 04122:00
Client ID; PISOC-04
Sample Info: PlSOC-04~Ui212

Column phase; DB-6

Instrument! SCJECD2.J

Operator; BW
Column diameter: 0.53
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/oh»m/SC/SCHECDl.i/'iM1209.b/0(lo099.d
Date : 09-DEC-97 23:04:00
C l i e n t ID; CHLOR-04
Sample Info: CHLOR-0«~1M1209

Column phase: DB-608

Pat» 2

Instrument: SCHECDl.i

Operator; BM
Column diameter} 0.53

/chein/SG/SCHECDl. i/1H1209, b/cdc099. d/cdc099. HDR
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Data File: /ghen/SC/SCM£CD2. l/UU209.bAMo099,d
Date : 09-DEC-97 23:04:00

Client ID; CHLOR-04
Sai-iple Info; CHLOR-04~1H1209

Column phase: DB-5

Pace 2

Instrument: SCHECD2.i

Operator: BU
Column diameter: 0.53

/chen/SC/SCHECDZ.1/1H1209.b/ddc099.d/ddc099.HDR



Data F i l e ; /chem/SC/SCHECDl. i/ltll209.b/cdo0917.d
Date : 10-DEC-97 02:46:00
Client ID; TOXAPH-04
Sample Info: TOXftPM-04~lH1209

Column phase: DB-608

Page 2

Instrument: SCHECD1.1

Operator! BW
Column diameter: 0.53

/chem/SC/SCHECDl.i/1H1209.b/cdc0917.d/cdc0917.HDR
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Data File; /chem/SC/SCHECD2.i/lH1209.b/ddc0917.d
Date : 10-DEC-97 02|46:00
Client ID; TOXAPII-04
Sanple Info; TOXAPH-04~1M1209

Column phaie: DB-6

Pace 2

Instrument: SCHECD2.1

Operator: BN
Column diameter: 0,53

/chem/SC/SCHECD2.i/1H1209.b/ddc0917.d/ddc0917.HDR
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Data File; //chem/SC/SCHECD2. i/lM1209.b/ddc0930.d

Date : 10-DEC-97 08H7100
Cll.nt IDl AR1660-04

Sample Info: ORlfe60-0<riH1209

Column phase: OB-5

Page 2

Inttruntilt! SCMECD2.1

Operator: BH
Column diameter: 0.53

/chem/SC/SCMECD2.1 /1H1209. b/ddo0930. d/ddo0930. HDR



Data File; /chem/SC/SCHECDl.i/lH1209,b/cdc092.d
Date : 09-DEC-97 19:49:00
Client ID: RR1221-04
Sample Info: ftR1221-04~lH1209

Column phase; DB-608

Pate 2

Inttrunent: SCHECDl.i

Operator: BW
Column diameter: 0.53

/ohem/SC/SCHECDl.i/1H1209.b/cdo092.d/odo092,HDR



Data File: /chem/SC/SCMECD2.i/lH1209.b/ddc092.d
Date ; 09-DEC-97 19:19:00
Client 1D[ AR1221-04
Sample Infor flR1221-04~lM1209

Column phase; DB-5

Faff 2

I n» tr until t1 SCI EC 02.1

Operator: BW
Column diameter: 0.63

/ohem/SC/SGMECDZ,1X1H1209,b/ddo092.d/ddo092. HDR
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Data File; /chem/SC/SCMEClP2.i/im209.bAlclc093.d

Date ! 09-DEC-97 20:17:00
Client ID! AR1232-04
Sample Info: I1R1232-04~1H1209

Column phase: DB-5

Instruncnt; SCHECD2.I

Operator: BH
Column diameter] 0.53
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Data F i le - : /cheti/SC/SCMECDl. i/llll209.b/cdc094.d

Date : 09-DEC-97 20:45:00
Client II): fiR1242-04
Sample Info; AR1242-04~1H1209

Column phase! DB-608

Pace 2

Instrument: SCHECD1.1

Operator: BW
Column diameter; 0,53
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Data File: /chem/SC/SCMECDi.i/iH1209,b/cdc095.d
Date ; 09-DEC-97 21:13:00
Client ID: 6R1248-04
Sample Info; AR1248-04"1H1209

Colutin phase: DB-608
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Operator: BU
Column diameter: 0,53
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Data File; /chem/SC/SGMECD2, i/llU209,b/dclc095.d

Date I 09-DEC-97 21:13:00
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Data File: /chem/SC/SCHECD2. i/lM1209.b/ddcO%.d
Date : 09-DEC-97 21:40:00
Cl ien t ID; r<R1254-04
Sample InPot AR1264-04~1H1209

Column phase; DB-5
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Operator: BN
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Data Fi le : /chen/SC/SCMECUl.l/ltU209.b/cdo097.d
Dale : 09-DEC-97 22:08:00
Client ID; AR1268-04
Sample It ifo; AR1268-04~1H1203

Column phaie: DB-608
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SOP Description: Graphite Furnace Atomic Adsorption (GFAA)
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Signarure:

/ R.
Title: Corporate QA Manager Date:

The ffdlowng revisi<ms or a^

The SOP Summary (page 14 of 19) is incorrect for LCS for the 200-series methods The recovery limits for
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QC Item
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Frequency
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7000-series: SL QAP
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Approval
Signature:_

R/Wayne Rotfbins
Title: Corporate QA Manager Date:_

GRAPHITE FURNACE ATOMIC ABSORPTION (GFAA)

1.0 SCOPE AND APPLICATION

1.1 This SOP describes the determination of metals by graphite furnace atomic absorption (GFAA)
spectroscopy. This procedure is applicable to a wide range of matrices including monitoring wells,
wastewater, leachates, wastes, soils, and sediments. All matrices, with the exception of some dissolved
metals and some drinking water samples, require digestion prior to analysis. Table 1 is a summary of the
elements that may be determined using this procedure and some of the parameters for each element.

1.2 The reporting limit (RL), the method detection limit (MDL), and the accuracy and precision criteria are
listed in Section 5 of the Savannah Laboratories' Quality Assurance Plans.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis, samples must be digested using the appropriate preparation method. A representative
aliquot of the sample digest is transferred to a graphite tube. The graphite tube is heated in a stepwise
manner to dry, char, and atomize the sample. During atomization, the element is volatilized into the optical
path where characteristic radiation from a hollow cathode lamp or electrodeless discharge lamp is absorbed.
A photosensitive device measures the difference in transmitted radiation as absorbance. Standards and
samples are analyzed using the same instrument parameters.

2.2 This SOP is based on the guidance provided in the methods references in Table 2 of this SOP and Method
7000A from SW-846.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do no
understand or that will put you or others in potentially dangerous situations.

3.2 The samples have been digested in strong acids and will have high acid concentration. The analyst must
wear a lab coat or apron, eye protection (lab glasses or face shield), and gloves when handling samples.

3.3 The GFAA instrument must be properly vented to eliminate metal contamination in the lab.

4.0 INTERFERENCES

4.1 The furnace procedure is subject to chemical interferences. The composition of the sample matrix can have
major effect on the analysis. Interferences can be overcome using one or more of the following

procedures:

1) Successively dilute and reanalyze the sample to eliminate interferences.
2) Modify the sample matrix either to remove the interference or to stabilize the element.
3) Analyze the sample by the methods of standard addition.

Two quality control checks are performed with each batch of samples as check on interferences: 1), a 1:5
dilution and 2) one sample is subjected to post digestion spike.
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4.2 Cross-contamination and contamination of the sample can be major sources of error because of the extreme
sensitivities achieved with the furnace. The sample preparation and analytical areas should be kept clean
and glassware must be properly cleaned. Special attention should be given to the evaluation of reagent
blanks. Pyrolytic graphite can become contaminated and several high temperature "bums" may be required
to clean the tube before use.

4.3 Gases generated in the furnace during atomization may have molecular absorption encompassing the
analytical wavelength. When this occurs, either use background correction or choose an alternative
wavelength. When continuum background correction cannot correct for the interference, chemically
remove (chelation, precipitation) the analyte or use an alternate background correction.

4.4 Sample containing large amounts of organic materials must be oxidized by acid digestion before analysis.
This will minimize broad-based absorption. Interferences from a "smoke-producing" sample digest can be
reduced by extending the charring time and/or charring at a higher temperature. Care must be taken to
prevent loss of the analyte.

4.5 Anion interference studies indicate that chloride, and to a lesser extent, phosphate and sulfate anions, may
interfere with the GFAA analysis. The use of hydrochloric acid, phosphoric acid, and sulfuric acid should
be minimized.

4.6 Carbide formation resulting from the chemical environment of the furnace has been observed. When
carbides form, the analyte may be released very slowly from the resulting metal carbide as atomization
occurs. The use of a pyrolytically coated graphite tube can reduce carbide formation and increase analyte
sensitivity.

5.0 SAMPLE COLLECTION, HANDLING, AND PRESERVATION

5.1 Aqueous Samples

5.1.1 Liquid sample are collected in 250-mL or 500-mL plastic containers. The sample is preserved with HNO3 to
a pH <2. The sample must be digested and analyzed within 6 months of collection.

5.1.2 Samples for dissolved metals should be filtered in the field before acid is added to the sample. If the sample
is to be filtered in the lab, no preservative is added to the sample until the sample is filtered.

5.2 Soil/Sediment Samples

Soil and sediment samples are collected in 500-mL plastic containers. The sample is cooled to 4C at the
time of collection and is stored at 4C +/- 2C until time of digestion and analysis. The sample must be
digested and analyzed within 6 months of collection.

5.3 TCLP or EP Toxicity Leachate Samples

The leachate is transferred to a plastic container after the extraction procedure. The sample is preserved
with HNO3 to a pH <2.. The leachate sample must be digested and analyzed within 6 months of collection.
If the leachate is to be analyzed for mercury, the leachate is stored at 4C+/-2C until the mercury analysis is
completed. Hold time for mercury is 28 days

5.4 Waste Samples

Waste samples are collected in 500-mL plastic containers. The sample must be digested and analyzed
within 6 months of collection.
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6.0 APPARATUS AND MATERIALS

6.1 Atomic absorption spectrophotometer - single or dual channel, single or dual beam instrument, equipped
with temperature programmable furnace and autosampler.

6.2 Hollow cathode lamps

6.3 Electrodeless discharge lamps

6.4 Argon gas supply

6.5 Hydrogen/argon: 5% hydrogen in argon for Method 200.9. This gas mixture will increase signal to noise
ratio in high chloride samples.

6.6 Pipetting devices - mechanical devices or volumetric pipettes

6.7 Volumetric flasks - class A or equivalent

7.0 REAGENTS

7.1 Reagent water-ASTM Type I or Type II deionized water.

7.2 Nitric acid - reagent grade or better

7.3 1 + 1 Nitric acid solution

7.4 10% Nitric acid solution

8.0 STANDARDS

Calibration and spike solutions are prepared from either certified stock solutions or from stock solutions
purchased from vendors or, in a very limited number of applications, from stock standards prepared from
neat materials. Certificates of analysis or purity must be received with all neat compounds or stock
solutions. All preparation steps must be in accordance with SL SOP AN41: Standard Materials
Traceability.

NOTE: Many standards are to be prepared every six months "or sooner if needed or required," "if needed"
means the standard has been exhausted; "if required" means that the standard does not meet the QC criteria.

8.1 Stock Standards
Stock standards are purchased as certified solutions at a concentration of lOOOmg/L. The lab should obtain
two sources of each element that are prepared independently.

ME75-Page3of19
SAVANNAH LABORATORIES

I 1 fNVmOHMCNriL SERVICES, WC



ME75:12.22.97:3

8.3 Calibration Standards

Calibration standards are prepared from the intermediate standards. The calibration curve must have a
minimum of three (3) standards. The lowest standard must be at the reporting limit(RL) and the other
standards will define the working range of the calibration curve. See Table 1 for guidance on the
calibration levels for each analyte.

Fint = Ccal ® Veal
Cint

where
Cint = concentration of the intermediate standard, mg/L
Vint = volume of intermediate required to prepare the calibration standard, mL
Ccal = concentration of the calibration standard to prepare, mL
Veal = volume of calibration standard to prepare, mL

The following tables provide some examples of the preparation of the calibration standards at
concentrations listed in Table 1. Note that the solvent is different for EPA Method 200.9 because HCI is
also used in the 200.9 digestion procedures. The designations of the standards (A-l, B-2, etc.) are included
to differentiate the standard solutions and are not meant to be prescriptive.

Copper, Chromium, Antimony, Silver
CALSTD
A-l
A-2
A-3
A-4

INTSTD
A

Vint(mL)
0.050
0.10
0.50
0.10

Vcal(mL)*
100
100
100
100

Ccal, ug/L(l)
5.0
10
50
100

Ccal, ug/L (2)
0.5
1.0
5.0
10

*1% HNO3 (except for Sb prepped by 3005, then 5% HCI, 2% HNO3) Lithium standard levels are 5, 10, 20, 50
(1) copper, chromium, antimony
(2) silver, cadmium

Arsenic, Selenium, Lead, Thallium
CALSTD
B-l
B-2
B-3
B-4

INTSTD
B

Vint(mL)
0.050
0.10
0.50
1.0

Vcal(mL)*
100
100
100
100

Ccal, ug/L(l)
5.0
10
50
100

*1%HNO3
(1) selenium, lead, thallium, arsenic

200.9 Calibration Standards
CALSTD
C-l
C-2
C-3
C-4

INTSTD
200.9

Vint(mL)
0.050
0.10
0.50
0.10

Vcal(mL)*
100
100
100
100

Ccal,ug/L(l)
5.0
10
50
100

* 2% HNO3 / 1%HC1
(1) selenium, lead, thallium, antimony, arsenic
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200.9 Intermediate
ELEMENT
Arsenic (As)
Selenium (Se)
Lead (Pb)
Thallium (Tl)
Antimony (Sb)

Cstock
lOOOmg/L
lOOOmg/L
lOOOmg/L
lOOOmg/L
lOOOmg/L

Vstock
l.OmL
l.OmL
l.OmL
l.OmL
l.OmL

Vint*
lOOmL

Cint
lOmg/L
lOmg/L •
lOmg/L
lOmg/L
lOmg/L

*2% HN03 / l%HCl (if prepped). If turbidity < NTU, samples can be run undigested, then matrix would be 1%
HN03.
Note: Concentrations and volumes may need to be adjusted due to the linearity requirements of Method 200.9.

8.4 Calibration Verification Standards (ICV/CCV)

The initial calibration verification (ICV) standard is prepared in the same manner as the intermediate and
calibration standards to give a final concentration equal to the concentrations listed in Table 1. The ICV
must be prepared from stock or intermediate standards that were prepared independently of the standards
used to prepare the calibration standards. This second source may be from a different vendor or a separate
lot from the same vendor. The CCV standard is the mid-level calibration standard.

8.5 Calibration Blanks (ICB/CCV)

The calibration blank is reagent water that contains the same acid concentration as the calibration standards,
either 1% HNO3 or 2%HN03 / 1% HC1. The initial calibration blank (ICV) is analyzed after the ICV and
the continuing calibration blank (CCB) is analyzed after the CCV.

9.0 SAMPLE PREPARATION

MATRIX
Aqueous and leachates
Soils and solids
Oils and Wastes

SOP
ME60
ME61
ME61/
ME62

10.0 ANALYTICAL PROCEDURE

10.1 Table 1 and its appendices give the general conditions for performing GFAA analysis. These conditions are
for guidance. Each lab must optimize and document the conditions used at that lab. Most instrument
information can be retrieved from the GFAA data system and retained as evidence of the conditions used
during a given analysis.

10.2 Analytical Sequence

Samples and standards are analyzed in a definite sequence given in the SOP Summary. The sequence
continues until all samples are analyzed or until a CCV or CCB fails the acceptance criteria. All sample
analyses must be bracketed by acceptable calibration and blank verification standards.

10.2.1 Initial Calibration

The initial calibration is performed prior to sample analyses and a calibration curve is constructed

10.2.2 ICV/ICB

The initial calibration standard (ICV) is analyzed after the initial calibration standards but prior to the
samples. The ICV is used to verify that the initial calibration standards were properly prepared and that the
GFAA is functioning properly.
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The initial calibration blank (ICB) is the analyzed after the ICV but prior to sample analyses as a check on
the carryover and sensitivity of the GFAA.

10.2.3 CCV/CCB

The continuing calibration verification (CCV) is analyzed after every 10 samples to verify that the
calibration remains valid.

The continuing calibration blank (CCB) is analyzed after the CCV as a check on carryover and instrument
sensitivity.

10.2.4 Sample analyses [including batch QC (LCS/MS)]

Samples are reported only if the analysis is bracketed by acceptable calibration verification standards and
the absorbance of the sample falls within the working range of the GFAA.

10.2.5 Post Digestion Spike (Analytical Spikes)

The post digestion spike is performed to verify that samples of similar matrix types are free from
interferences. Two samples from each batch are spiked after the preparation/digestion.

10.2.5.1 Select two samples from each within a batch for the post digestion spike. For batches with 10 or fewer
samples, only 1 spike is necessary.

10.2.5.2 Add a known volume of a spiking solution to a known volume of sample digestate. It is suggested that the
volume of spiking solution be 1% of the volume or less of the digestate to minimize the effects of volume
on the post-digestion spike. The post spiking solution is prepared at a concentration that will yield a spike
concentration 2 times the RL when the sample digestate is spiked. Due to the native levels of lead expected
in environmental samples, lead is spiked at 4 times the RL. Note that intermediates A & B (prepared earlier
in this procedure) may be used for the spike solution.

The following equation can be used to determine the volume of spiking solution required:
where

C2 ® VI

Ci = concentration of spiking solution (mg/L)
Vj = volume of spiking solution (mL)
C2 = desired concentration of post digestion spike (mg/L)
V2 = volume of sample used for post-digestion spike (mL)

10.2.5.3 Analyze the spiked aliquot and an un-spiked aliquot

10.2.5.4 Calculate the percent recovery of the post digestion spike:

%REC=Cps~Cs®100
Ci

where
Cps = concentration of post digestion spike (ug/L)
Cs = concentration of un-spiked sample (ug/L)
C2 = theoretical concentration of spike (ug/L)

(See 10.2.5.2)
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10.2.5.5 Evaluate the recovery using the following decision matrix. Limits for post digestion spikes are 85-115%
recovery.

Result of Post Digestion Spikes

Within 85-1 15% limits

>115% recovery

<85% recovery but >50% recovery

<50% recovery

Action
None

Repeat analysis.
Remake spiking solutions, re-spike, and
reanalyze.
Reanalyze un-spiked sample

Analyze all associated samples by single
point method of standard addition and
quantify by using MSA. OR qualify all
associated samples on report

Dilute digestate and repeat spike.
Analyze all associated samples by single
point MSA.

Note: The >50% recovery of the post digestion spike is a benchmark below which samples may be
biased high.

10.2.5.6 The post digestion spike and the method of standard additions must not be applied to samples analyzed at a
dilution that produces a significant negative absorbance. The first point in the MSA (un-spiked sample)
should be greater than or equal to zero absorbance. Use good judgement when evaluating data where the
absorbances are negative. The digestate should be diluted and reanalyzed to determine the extract of the
matrix interferences.

10.2.5.7 Single Point Method of Standard Additions

Two identical aliquots of the sample digest, Vx, are taken. One aliquot is spiked with a known
concentration, Cs. The second aliquot is analyzed un-spiked (the small volume of standard added to the
spiked sample should be disregarded). The absorbance of both aliquots are measured and the sample
concentration, Cx, is calculated:

c, = S2V,C,
(S, - S2)

where
51 = absorbance of the spiked aliquot
52 = absorbance of the un-spiked aliquot
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11.0 DATA ANALYSIS/CALCULATIONS

11.1 Aqueous Samples

Aqueous samples are routinely reported in mg/L while the GFAA is routinely calibrated in ug/L. If the
results are reported in ug/L, the conversion factor is omitted from the calculation.

11.1.1 The concentration of the target analyte in liquid samples is calculated as follows:

F Iwi?Concentration (mg/L) = ug/L(from printout) ® — ® DF ® ——-—
V lOOOug

where
F = final volume of the sample digestate (L)-usually 50mL (0.050L)
V = volume of sample digested (L)
DF = dilution factor

11.1.2 The Reporting Limit (RL) of the target analyte in liquid samples is calculated as follows:

FConcentration(mgfL) = RLqap ® — ®DF®-
V 1000w#

where
RLqap = reporting limit from SL QAP (ug/L)
F = final volume of the sample digestate (L)
V= volume of sample digested (L)
DF = dilution factor

The Table 1 Reporting Limits assumes:
F = 50mL
V= 50mL
DF= 1

11.2 Soil/Solid Samples

Soils and solids are routinely reported in mg/kg while the GFAA is routinely calibrated in ug/L. If the
results are reported in ug/kg, the conversion factor is omitted from the calculation.

11.2.1 The concentration of the target analyte in soil and solid samples is calculated as follows:

\mgConcentration(mg/kg, d\v) = ug/L(from printout) <8> —————— <8> DF <E> -
W® solids lOOOug

where
F = final volume of the sample digestate (L)
W = volume of sample digested (kg)
DF = dilution factor
solids = decimal equivalent of the percent solids (percent solids/100)

For example, if the percent solids is 85%, the decimal equivalent is 0.85; if the %solids is 100%, the
decimal equivalent is 1.0.
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11.2.2 The Reporting Limit (RL) of the target analyte in soil/solid samples is calculated as follows:

Concentration(mg/kg, dw) = RL ® —j——-§- ® x ZXF
W® solids 0.1001

where
RLqap = reporting limit from Table 5, SL COMPQAP
W = weight of sample digested (kg)
F = final volume of the sample digestate (L)
V = volume of sample digested (L)
DF = dilution factor
solids = decimal equivalent of the percent solids (percent solids/100)

The SL COMPQAP Table 5 Reporting Limits assumes

F = O.lOOL(lOOmL)
D F = 1
W= 0.001 Okg (l.Og)
solids = 1.0

11.3 The concentration of the target analyte in the lab control and matrix spike samples is determined as in
Section 11.1. The concentration is compared to the theoretical spike concentration and the percent
recovery is calculated.

11.3.1 The theoretical concentration of a lab spike or matrix spike is calculated:

_ mass of analyte added to sample
\_,l —

volume or weight of sample

For liquids, this equation expands to:

_ Cspike ® Vspike
^,1 — ̂ —-^—

Vsample

For soils, this equation expands to:

Cspike <£> VspikeCt =
Wsample ® solids

where
Cspike = concentration of the spiking solution (mg/L)
Vspike = volume of spiking solution added to sample (L)
Vsample = volume of sample spiked (L)
Wsample = weight of sample spiked (kg)
solids = (percent solids)/! 00
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11.3.2 The percent recovery is calculated:

%recovery(%REQ
CT

100

11.3.3

where
Cms = concentration of the spiked sample (MS/MSD or LCS/LCSD)
Cs = concentration of the un-spiked sample (for LCS/LCSD, let Cs = 0)
CT = theoretical concentration of the spike

The MS/MSD samples are analyzed in duplicate. The relative percent recovery(%RPD), a measure of
precision, is calculated for the MS/MSD pair as follows:

%RPD = (%RECl-%REC2)
(%RECl + %REC2) 0100

where
%REC1 = percent recovery of the MS or LCS
%REC2 = percent recovery of the MSD or LCSD

If duplicate samples are analyzed, the relative percent difference is calculated:

%RPD = (C1-C2)
(Cl + C2) ®100

where
C1 = concentration of the sample
C2 = concentration of the duplicate sample

12.0 QUALITY ASSURANCE /QUALITY CONTROL

12.1 SL SOP AN02: Analytical Batching. Table 13.1 of the SL QAP, and the SOP Summary provide
guidance on evaluating QC and sample data.

12.2 The method detection limit (MDL ) is determined annually in accordance with SL SOP CA90. The
concentrations of the IDL and MDL solutions are given in Section 8 of this SOP.

12.3 Determination of the Instrument Detection Limit (IDL)
The IDL is defined as three times the standard deviation of seven replicate analyses analyzed over three
non-consecutive days. The concentrations of the IDL and MDL solutions are given in Section 8 of this
SOP.
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13.0 TROUBLESHOOTING
No items in this revision.

14.0 PREVENTIVE MAINTENANCE
See Section 10 of the current SL QAP.

15.0 REFERENCES

15.1 Savannah Laboratories' Comprehensive Quality Assurance Plan, and Savannah Laboratories
Corporate Quality Assurance Plan, current revisions.

15.2 Methods for Chemical Analysis of Water and Waste; U.S EPA Office of Research and Development:
Cincinnati, OHIO, March 1983.

15.3 Test Methods for Evaluating Solid Waste, Third Edition; U.S. EPA Office of Solid Waste and
Emergency Response: Washington, D.C., November 1986.
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Method Summary - GFAA Analysis

HOLD/STORAGE

Container

Preservative

Storage

Hold Time

Minimum 250mL plastic bottle with a plastic or Teflon-lined lid

HN03 to pH<2 in the field. If dissolved metals are required, filter the samples
before preservation.

Liquids preserved to pH <2 may be stored at room temperature until preparation.
Solid samples should be stored at 4C (less than 6C with no frozen samples) from
collection until preparation.

Samples may be held for up to six months from the time of collection

SAMPLE PREPARATION
Sample prep is detailed in SL SOPs ME60 and ME6L.

ANALYTICAL SEQUENCE _____
200-series and 7000-series methods
Instrument Start-Up: Turn on the AA furnace according to the manufacturer's recommendations. Allow hollow
cathode lamps proper warm-up times. Clean the furnace head and replace the graphite rubes as needed. Align the
lamp and furnace as recommended by the instrument manufacturer.__________________________
Initial Calibration-minimum of three points with the lowest standard at the required reporting limit or CRDL.
Initial Calibration Verification(ICV)-a mid-level standard prepared from a source independent of the source used
to prepare the initial calibration standards________________________________________
Initial Calibration Blank (ICB)
10 samples
Continuing Calibration Verification(CCV)-mid-level
calibration standard
Continuing Calibration Blank(CCB)
10 samples
Continuing Calibration Verification(CCV)
Continuing Calibration Blank(CCB)
10 samples
Continuing Calibration Verification(CCV)
Continuing Calibration Blank(CCB)
10 samples
Continuing Calibration Verification(CCV)
Continuing Calibration Blank(CCB)
The sequence continues until all of the samples are analyzed or until the CCV or CCB fail the acceptance criteria.
All sample analyses (including dilutions) must be bracketed by acceptable verification standards and blanks.

ME75-Page13of 19
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I\A 2.22.97:3

QC CRITERIA

QC Item

Initial Calibration-minimum three(3)
standards and a cal blank. Lowest
standard at or near the RL

Initial Calibration Verification
Standard (1CV) -Prepared from
independent source.

Continuing Calibration Verification
Standard (CCV)-mid-level standard
(may be the same source as the initial
calibration standards)

Calibration Blank (1CB/CCB)

Lab control samples (LCS)

Method (preparation) blank

MS/MSD - SW846

Detection Limit Check Solution-CLP

Post-Digestion Spike

Method Detection Limit(MDL)

Frequency

Daily

At the beginning of the analysis

At the beginning and end of the
analysis and every 10 samples

After ICV and every CCV

One per batch of 20 samples or less

One per batch of 20 samples or less

One set per batch of twenty samples
or less

At the beginning of the analysis but
not before the ICV

Two samples per batch.

See CA90

Criteria

Correlation >= 0.995

SW846/200-series = within ± 10%
200 series/200.9 = within ± 5%

200 series/200.9 = within ± 10%
SW846 = within ± 20%

Absolute value of the calibration
blank must be less than the
RL/CRDL.
200.9 = absolute value of the blank
must be less than the RL

Recovery within Section 5 limits in
SL QAP or method-defined criteria

SW-846/200-series:| result] <RL in
SLQAP or result <5% of the analyte
level in the sample.
200.9: [result |< RL in SL QAP or
result < 10% of the analyte level in
the sample.

Recovery within Section 5 limits in
SLQAP

%Rec50-150%

Follow guidance in Section 10.2.5 of
this SOP.

Evaluate according to SL SOP CA90

Corrective Action

Recalibrate

Recalibrate

Terminate the analysis, fix the
problem and reanalyze the previous
10 samples.

SW846/200-series = terminate the
analysis, correct the problem and
reanalyze the previous 1 0 samples.

Re-digest and reanalyze batch

Evalute baseline
Reanalyze samples for blank
Re-digest and reanalyze batch

Flag and report data

Terminate analysis, fix problem,
reanalyze solution.

Follow guidance in Section 10.2.5 of
this SOP.

F, valuate according to SL SOP CA90

•I ME75-Page14of19



2.22.97:3

T A R I R 1

Element

Selenium (Se)

Arsenic (As)

Lead (Pb)

Antimony (Sb)

Thallium (Tl)

Cadmium (Cd)

Silver (Ag)

Chromium (Cr)

Copper (Cu)

Nickel (Mi)

Lithium (Li)

Wavelength
(nm)

196.0

193.7

283.3

217.6

276.8

228.8

328.1

357.9

327.4

232.0

670.8

Calibration
Curve

(ug/L)***

5, 10,50, 100

5, 10,50, 100

3, 10,50, 100

5, 10,50, 100

3, 10,50, 100

0.5, 1,5, 10

0.5, 1,5, 10

5, 10,50, 100

5, 10, 50, 100

5, 10,50, 100

5, 10,20,50

ICV/CCV
Cone. (ug/L)

50

50

50

50

50

5.0

5.0

50

50

50

25

DL Std. Cone.
(ug/L)

Not incuding
200.9

5/10

10

3(CLP)/5

10

2/10

1

1

10

10

10

5

Post Digestion
Spike(ug/L)

20

20

20

20

20

2

2

20

20

20

10

LCS + Matrix Spike Cone (mg/L)

Water (ug/L)

50

50

50

50

50

5

5

50

50

50

25

Soil (ing/kg)

5.0

5.0

5.0

5.0

5.0

0.50

0.50

5.0

5.0

5.0

2.5

01r
I
C35

*If a lower RL is required, the lowest standard must be at or near the RL and the calibration criteria met.
**The DL std is not required if included in the initial calibration for 200-series and 700-series methods. This standard is required for CLP work.
***200.9 standard levels are different for Table 1 due to linearity criteria.
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ME75:12.22.97:3

TABLE 2-Recommended Matrix Modifiers

PARAMETER
Antimony (GFAA)

Arsenic (GFAA)

Beryllium (GFAA)

Cadmium (GFAA)

Chromium (GFAA)

Copper (GFAA)

Iron(GFAA)
Lead (GFAA)

Lithium (GFAA)

METHOD
7041(3005)
7041(3010)
7041(3050)
200.9
204.2
7060(3020)
7060(3050)
200.9
206.2
3113B
7091(3020)
7091(3050)
210.2
7131A(3020)
7131A(3050)
213.2
3113B
7191(3020)
7191(3050)
218.2
3113B
7211(3020)
7211(3050)
220.2
236.2
7421(3020)
7421(3050)
200.9
239.2
7430

MODIFIER(S)
F(Varian)
F(Varian)
F(Varian)

L, J(Varian)
F(Varian)

H(TJA), I(Varian)
H(TJA), I(Varian)

L, J(Varian)
H(TJA), I(Varian)

B(Varian)
B(Varian)
B(Varian)

none
none
none

none
none
none

A(TJA), B(Varian)
A(TJA), B(Varian)

L,K

A(TJA), B(Varian)
G

ME75-Page 16 of 19
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ME75:12.22.97:3

PARAMETER
Nickel (GFAA)

Selenium (GFAA)

Silver (GFAA)

Thallium (GFAA)

Zinc (GFAA)

METHOD
7521
249.2
3113B
CLP ILMO 2. 1/3.0/4.0

7740(3020)
7740(3050)
7742(3020)
7742(3050)
200.9
270.2
3113B
7761
7761(3050)
272.1
272.2
CLP ILMO 2. 1/3.0/4.0

7841(3020)

7841(3050)

279.2

200.9
3111B

MODIFIER(S)
none
none

Liquid: C(TJA), 1 (Varian)
SS:H(TJA), I(Varian)

H(TJA), I(Varian)
H(TJA), I(Varian)

L, J(Varian)
H(TJA), I(Varian)

B(Varian)
B(Varian)
B(Varian)
B(Varian)

A(TJA), B(Varian)
(J,L used if chloride is at

high concentration in
sample)

A(TJA), B(Varian)
(J,L used if chloride is at

high concentration in
sample)

A(TJA), B(Varian)
(J,L used if chloride is at

high concentration in
sample)

A(TJA), B(Varian)
(J,L used if chloride is at

high concentration in
sample)

J,L

NOTE: No entry in the modifier column means that there is no current suggestion for a modifier
for that parameter.

TJA= Thermo-Jarrel Ash GFAA/Varian = Varian GFAA

ME75-Page17of19
SAVANNAH LABORATORIES
I CNVIfiONHlNUL SBmCES. INC



ME75:12.22.97:3

TABLE 3 - GFAA MODIFIERS

Modifier
Designation

A

B

C

D

E

F

G

H

I

J

K

L

Modifier

10% Ammonium phosphate

2% Ammonium phosphate

5% Nickel nitrate

1% Nickel nitrate

0.1% Nickel nitrate

3% Ammonium nitrate

0.3% Ammonium nitrate

4% Magnesium reagent

2% Palladium nitrate

l%Pd/2%Mg

0.04% Pd/0.08% Mg

0.067% Pd/0.3% Mg

0.012% Pd/ 0.06% Mg

5% Hydrogen in Argon

Preparation

50g (NH4)2 HP04 to SOOmL reagent water

2g (NH4)2 HPO4 to lOOmL reagent water

24.78g Ni(NO3)2-5H2O to lOOmL reagent water

24.78 Ni(NO3)2-6H2O to SOOmL reagent water

2.48g (Ni(NO3)2-6H20 to SOOmL reagent water

3.0gNH4NO3 to lOOmL in 50% HNO3

0.30g NH4N03 to lOOmL in 50% HNO3

4.21g (Mg(NO3)2-6H2O to lOOmL in reagent water

Purchased from CPI

50mL 4% magnesium reagent and 50mL 2% palladium
nitrate

4mL modifier to lOOmL in 1% HN03

1 .3mL 4% magnesium reagent and 0.6mL 2% Palladium
nitrate to 20mL with 1% HNO3

4mL modifier J to 20mL in reagent water

Purchase from gas company (required for 200.9)
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ME75:12.22.97:3

ATTACHMENTS
FURNACE TEMPERATURE PROGRAMS

These furnace programs are provided for guidance and are intended to aid the analyst in establishing instrument
parameters. The laboratory must document the actual conditions used.
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OPERATOR LR
DATE 08/05/97
BATCH LI 03 MOBILE SAMPLES

DC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS (7.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT (7.)

STOP
52
85 TO 115
40
0.995
1
20.0

PROGRAM 2& Se 200.9

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT CmA)
SLIT WIDTH (nm)
SLIT HEIGHT
WAVELENGTH <nm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES

ABSORBANCE
CONCENTRATION
PEAK AREA
5
15
1.0
NORMAL
196.0
SAMPLER PREMIXED
0.05
1 .0

BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.20

FURNACE PARAMETERS
STEP-
NO.

1
.-•

••-»
Ĵ

4
5
6
7
8
9
10

TEMPERATURE
CO

1 50
400
1200
1200
500
500
2700
2700
2700
40

TIME
Csec)

30 . 0
10.0
15.0
10.0
1 0 . 0
1 .0
1 .1
2.0
2 . 0
•1 *-> <-%
1 O • O

GAS FLOW
CL/min)

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

GAS TYPE

ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



Method: NI

Elements : Ni

AP/Elements Informat Sat 03-01-97 09:55:54 AM page 2

Single Beam Absorption

Integ TimeInteg Type : Peak Area
Graph Scale: Automatic
Comment : NO MODIFIER/ COATED NON-PLATFORM

6.0 Sec. Delay Time : 0.0 Sec

Furnace Information:
Dry Pyrol

Temp 150 500
Ramp 2 10
Hold 5 15
Purge Low Medium

Pyro2
900
10
5
Low

Atom
2600
0
4
Off

Clean
2600

Medium

Integ Stage : Atom
Deposit Time: 5.0

Air Ash : Off Auto-Baseline Corr.? Yes Economizer? No
Delay Time: 10 Auto-Deposit Adjust? No

0 bkg: 3.0

Element Ni
Element Name Ni
Wavelength 232.00
Bandpass 0.15
High Voltage 700
BKG Method SH
Lamp Current norm: 5
Signif Figs 5
Print Units ppb
P- 'nt Limits Low : 0

.it Limits High: 0

Stdzn Method: Multipoint Stdn.
Std Names

A/Ztfl: BlankSTD
#2: 5.00STD
#3: 10.00STD

A/CS4: 50.00STD
#5: 100.00STD

Std Cone
= 0.00
= 5.00
= 10.00
= 50.00
= 100.00

Abs.
= 0.0000
= 0.0222
= 0.0622
= 0.3020
= 0.5688

Stdzn Method: Standard Additions
Addn Name Std Addn
*1: ADD1 = 10.00
*2: ADD2 = 20.00
*3: ADDS = 30.00



SAMPLER PARAMETERS
VOLUMES C7T_>

SOLUTION BLANK

DC PROTOCOL PARAMETERS

DC STANDARD RATE
DC INITIAL STANDARD POSITION
DC INITIAL BLANK POSITION
DC CONTINUING STANDARD POSITION
DC CONTINUING BLANK POSITION
DC STANDARD VOLUME </!_>
DC STANDARD CONCENTRATION
DC STANDARD LIMITS <7.)
DC SPIKE RATE
DC SPIKE VOLUME ( rt_ >
DC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

MODIFIER

_ANK
STANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

MULTIPLE INJECT

20
20 0
20 0
20 0
20 0
20 0

RECALIBRATION RATE
RESLOPE RATE

NO HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
90
5

5
5
5
5
5
5

PRE INJECT NO

20
50
51
50
51
20
50.
89
4
8
50.
50.
1 .6
10.

0 uq/L
TO 111

0 ug/L
0 ug/L

ug/L
0 ug/L
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OPERATOR
DATE
BATCH

F' r- en -b •-• <=.

RR
03/03/97
SE

QC PROTOCOL PARAMETERS

3 O O
1

•=* O O m «

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS ('/.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT Cr>
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT (7.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995
1
20.0

PROGRAM 8 Se PARR NIN03

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT <o>A>
SLIT WIDTH <nm>
SLIT HEIGHT
WAVELENGTH (nm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

FURNACE PARAMETERS

ABSORBANCE
CONCENTRATION
PEAK AREA
5
6
1.0
NORMAL
196.0
SAMPLER PREMIXED
0.05
1.0
2
ON
1.20

STEP
NO.

1
2
3
4
5
&
7
8
9
10

TEMPERATURE
CO

15O
300
300
900
900
900
2400
2400
2600
40

TIME
(sec)

15.0
10.0
10.0
10.0
10.0
2.0
1 .0
2.5
2.0
13.3

GAS FLOW
(L/min)

3.0
3.0
3.0
3.0
3.0
0.1
0.0
0.0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL N
NORMAL '
NORMAL ,
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES CfL)

SOLUTION BLANK MODIFIER

_ANK
STANDARD
STANDARD
STANDARD
STANDARD
SAMPLE

1
2
3
4

__

15
15
15
15
15

15
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
100
5

3
3
3
3
3
3

PRE INJECT NO

QC PROTOCOL PARAMETERS

QC STANDARD RATE 20
QC INITIAL STANDARD POSITION 45
QC INITIAL BLANK POSITION 51
QC CONTINUING STANDARD' POSITION 50
QC CONTINUING BLANK POSITION 51
QC STANDARD VOLUME <fl_) 15
QC STANDARD CONCENTRATION 1.0 ug/1
QC STANDARD LIMITS C/.> 90 TO 110
QC SPIKE RATE 1
QC SPIKE VOLUME CfL) 6
QC SPIKE CONCENTRATION 50.0 ug/1
MATRIX SPIKE CONCENTRATION 50.0 ug/1
INSTRUMENT DETECTION LIMIT 1.0 ug/1
REQUIRED DETECTION LIMIT 10.0 ug/1
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OPERATOR MM
DATE 02/25/97
BATCH SE10 012SG MDL'S

DC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS ('/.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT Cr)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT CX)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995
1
20.0

PROGRAM 21 Se CAPE NIN03

INSTRUMENT MODE ABSORBANCE
CALIBRATION MODE CONCENTRATION
MEASUREMENT MODE . PEAK AREA
LAMP POSITION 5
LAMP CURRENT CmA) 10
SLIT WIDTH (nm) 1.0
SLIT HEIGHT NORMAL
WAVELENGTH (nm) 196.0
SAMPLE INTRODUCTION SAMPLER PREMI
TIME CONSTANT 0.05
MEASUREMENT TIME (sec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.20

FURNACE PARAMETERS
STEP
NO.

1
J

*-*
*-)

4
5
6
7
e
9
1O

TEMPERATURE
(C!>

1 50
300
40O
1 000
1 000
1000
24OO
2400
2600
40

TIME
(sec)

15.0
10.0
10.0
1 0 . C)
1 0 . 0
1 .0
1 .0
3.0
5.0
1 *"1 ^

til * O

GAS FLOW
CL/min)

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

XED

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES (ft.)

SOLUTION BLANK

QC PROTOCOL PARAMETERS

QC STANDARD RATE 20
QC INITIAL STANDARD POSITION 50
QC INITIAL BLANK POSITION 51
QC CONTINUING STANDARD POSITION 50
QC CONTINUING BLANK POSITION 51
QC STANDARD VOLUME CYL>
QC STANDARD CONCENTRATION
QC STANDARD LIMITS <'/.)
QC SPIKE RATE
QC SPIKE VOLUME ( rt_)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

MODIFIER

LANK
dTANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

MULTIPLE INJECT

20
20 0
20 0
20 0
20 0
20 0

RECALIBRATION RATE
RESLOPE RATE

NO HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
135
7

0
0
0
0
0
0

PRE INJECT NO

Working Standard Lot #.

Date Prepared.

20
50.0 UG/L
BO TO 120
0
8
50.0 UG/L
50.0 UG/L
1.0 UG/L
5.0 UG/L

SAMPLE

BLANK
QC

CONC
UG/L

0.0

7.RSD MEAN
ABS

0.124

READINGS

0.122 0.125
25Feb97 12:22
CONCENTRATION LESS THAN IDL

STANDARD 1 5.0 0.0 0.018 0.018 0.018
QC 25Feb97 12:26

STANDARD 2 10.0 21.7 0.044
QC

0.051 0.038
25Feb97 12:30
7.RSD GREATER THAN LIMIT

STANDARD 2 10.0 0.3 0.046 0.046 0.046
QC 25Feb97 12:34

TANDARD 30.0

STANDARD 4 100.O
QC

o c*j • O

0.8

0.222

0.436

0.216
25Feb97

0.438
25Feb97

0.228
12:38

0.434
12:42
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OPERATOR LR
DATE 02/18/97
BATCH SEOG 1213E ,0123L , 0213G

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS ('/.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT ('/.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995
1
20.0

PROGRAM 3 Se CLP PDMG

INSTRUMENT MODE ABSORBANCE
CALIBRATION MODE CONCENTRATION
MEASUREMENT MODE - PEAK AREA
LAMP POSITION 5
LAMP CURRENT CmA) 15
SLIT WIDTH Cnm) 1.0
SLIT HEIGHT NORMAL
WAVELENGTH Cnm) 196.0
SAMPLE INTRODUCTION SAMPLER PREMIXED
TIME CONSTANT 0.05
MEASUREMENT TIME Csec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.20

FURNACE PARAMETERS
STEP
NO.

1
2
3
4
5
6
7
8
9
10

TEMPERATURE
CO

1 50
300
400
1100
1300
1300
2500
2500
2600
40

TIME
Csec)

25 . 0
10.O
1 0 . 0
10.0
10.0
1 .0
1 .0
2.0
2 . 0
13.3

GAS FLOW
CL/min)

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



07.|

SAMPLER PARAMETERS
VOLUMES (rt_)

SOLUTION BLANK

DC PROTOCOL PARAMETERS

QC STANDARD RATE
QC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION
QC STANDARD VOLUME C/L)
QC STANDARD CONCENTRATION
QC STANDARD LIMITS C7.)
QC SPIKE RATE
QC SPIKE VOLUME C fl_)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

MODIFIER

BLANK
STANDARD
STANDARD
STANDARD
STANDARD
SAMPLE

1
2
3
4

,,_ _

20
20
20
20
20

20
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
90
5

5
5
5
5
5
5

PRE INJECT NO

,r\^j

20
45
51
50
51
20
50.
40
0
12
50.
50.
1 .0
5.0

Working Standard Lot # —— - ——

Date Prepared — °L 'l^-^7 ——

, , LfL
Analyst ———

0 uq/L
TO 160

0 ug/L
0 ug/L

ug/L
ug/L

SAMPLE

BLANK
QC

STANDARD 1
QC

STANDARD 2
QC

STANDARD 3
QC

CONC
ug/L

0.0

5.0

10.0

50.0

•/.RSD

3. 1

2. 1

0.4

MEAN
ABS

-0.000

0.019

0.047

0. 138

READINGS

0.000 -0.001
19Feb97 07:33
CONCENTRATION LESS THAN IDL

0.019
19Feb97

0.048
19Feb97

0. 198
19Feb97

O.O18
07:38

O.O46
07:42

0.199
07:47

STANDARD 4
QC

100.0 0.371 0.365
19Feb97

0.377
07:52
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OPERATOR LR
DATE 08/05/37
BATCH LI 03 MOBILE SAMPLES

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS (7.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT (7.)

STOP
52
85 TO 115
40
0.995
1
20.0

PROGRAM 13 As 200.9

STEP
NO.

1
o
^
O

4
5
£
7
8
9
10

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT CmA)
SLIT WIDTH Cnm)
SLIT HEIGHT
WAVELENGTH (. nm )
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

FURNACE PARAMETERS
TEMPERATURE TIME GAS FLOW

<C)

150
400
1200
1200
500
500
2700
2700
2700
40

(sec) (L/min)

30 . 0 3 . 0
lO.o 3.0
15.o 3.0
10.0 3.0
1 0 . 0 3 . 0
1.0 3.0
1.1 0.2
2 .0 0 . 0
2.0 3.0
13.3 3.0

ABSORBANCE
CONCENTRATION
PEAK AREA
7
9
0.5
NORMAL
193.7
SAMPLER PREMI
0 . 05
1 .0
2
ON
0 . 95

GAS TYPE

ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
NORMAL
NORMAL

XED

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES ( fl_)

ANK
STANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

MULTIPLE INJECT

SOLUTION BLANK

15
15 0
15 0
15 0
15 0
15 0

RECALIBRATION RATE
RESLOPE RATE

NO HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
90
5

MODIFIER

5
5
5
5
5
5

PRE INJECT

QC PROTOCOL PARAMETERS

QC STANDARD RATE
QC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION -
QC STANDARD VOLUME C/L)
QC STANDARD CONCENTRATION
QC STANDARD LIMITS <%)
QC SPIKE RATE
QC SPIKE VOLUME ( fL')
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

NO

20
50
51
50
51
15
50.
79
4
6
50.
50.
1.0
10.

0 ug/L
TO 121

0 uq/L
0 ug/L

ug/L
0 ug/L



•m.
G3 O F=' r- iri •=•::• 1.

OPERATOR MM
DATE 02/25/97
BATCH AS06 0128G MDL'S

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS (X)
RECOVERY MINIMUM LIMIT ('/.)
CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT <*/.)

RESLOPE AND REPEAT
52
85 TO 115
40 ;
0.995
1
20.0

PROGRAM 20 As CAPE NIN03

STEP
NO.

1
_^_

3
4
5
6
7
8
3
10

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT CmA)
SLIT WIDTH Cnm)
SLIT HEIGHT
WAVELENGTH Cnm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

FURNACE PARAMETERS
TEMPERATURE TIME - GAS FLOl

CO Csec) CL/min)

150 1O.O 3.0
300 15.0 3.0
500 15. O 3.0
1 400 10.0 3.0
14OO 15.0 3.0
1400 3.0 3.0
2600 1.0 0.0
2600 3.0 0.0
26OO 5.0 3.0
40 13.3 3.0

ABSORBANCE
CONCENTRATION
PEAK AREA
7
7
0.5
NORMAL
193.7
SAMPLER PREMI
0.05
1.0
2
ON
0.95

4 GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

XED

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES (A-)

SOLUTION BLANK

QC PROTOCOL PARAMETERS

QC STANDARD RATE " . 2 0
QC INITIAL STANDARD POSITION 50
QC INITIAL BLANK POSITION 51
QC CONTINUING STANDARD POSITION 50
QC CONTINUING BLANK POSITION
QC STANDARD VOLUME CJT-)
QC STANDARD CONCENTRATION
QC STANDARD LIMITS CV. 5
QC SPIKE RATE
QC SPIKE VOLUME (JT_)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

MODIFIER

:LANK
STANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

„ _ _.-

20
20
20
20
20

20
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
135
7

0
0
0
0
0
0

PRE INJECT NO

Working Standard Lot # fr-CAP£

Date Prepared.

Analyst___

51
20
50.0 ug/L
80 TO 120
0
8
50.0
50.0
1.1
4.6

ug/L
ug/L
ug/L
ug/L

SAMPLE

BLANK
QC

STANDARD 1
QC

STANDARD 2
QC

STANDARD 3
QC

CONC
ug/L

0.0

5.0

10.0

50.0

7.RSD

1 .4

4.2

0.6

MEAN
ABS

0.004

0.025

0.056

0.268

READINGS

0.003 0.006
25Feb37 10:05
CONCENTRATION LESS THAN IDL

0.025
25Feb97

0.054
25Feb37

0.263
25Feb37

0.025
10:10

0.057
10:14

0.267
10:13

STANDARD 4 100.0 1 .! 0.505 0 .500
25Feb37

0.510
10:23



G3C - r-
300/-4-00

«=• 1 R: e? jz> •=• i-
•m.

OPERATOR
DATE
BATCH

RR
03/03/97
AS

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS C7.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT <r>
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT (7.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995
1
-20.0

PROGRAM 10 As PARR NIN03

STEP
NO.

1
2
3
4
5
6
7
8
9
10
11

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT CmA)
SLIT WIDTH Cnm)
SLIT HEIGHT
WAVELENGTH (nm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

FURNACE PARAMETERS

ABSORBANCE
CONCENTRATION
PEAK AREA
.7
7
0.5
NORMAL
193.7
SAMPLER PREMIXED
0.05
1.0
2
ON
0.95

TEMPERATURE TIME GAS FLOW GAS TYPE
CO

135
220
500
800
1100
1100
1100
2400
2400
2500
40

(sec) (L/min)

10.0 3.0
10.0 3.0
10.0 3.0
1O.O 3.0
10.0 3.0
7.0 3.0
1.0 0.0
1.0 0.0
3.0 0.0
2.0 3.0
12.3 3.0

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES <fl_)

SOLUTION BLANK

MULTIPLE INJECT NO HOT INJECT YES
TEMPERATURE 120
INJECT RATEV V"7"

QC PROTOCOL PARAMETERS

QC STANDARD RATE
QC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION -
QC STANDARD VOLUME < fl_)
QC STANDARD CONCENTRATION
QC STANDARD LIMITS (7.)
QC SPIKE RATE
QC SPIKE VOLUME Cfl_)
QC SPIKE CONCENTRATION '
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

MODIFIER

.ANK
STANDARD
STANDARD
STANDARD
STANDARD
SAMPLE

1
2
3-
4

__

15
15
15
15
15

RECALIBRATION
RESLOPE RATE

15
0
0
0
0
0

RATE 0
.... 0

4
4
4
4
4
4

PRE INJECT NO

20
45
51
50
51
15
50.0 ug/L
40 TO 160
7
6
50.0 ug/L
50.0 ug/L
1.5 ug/L
10.0 ug/L



'.=*. r~ i =1

OPERATOR
DATE
BATCH

G» O F*
-fc t-^<^ 300
•::• "t cr- •- •— • 1 F:

-=3-00

RR
02/24/97
AS05 0224J

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS (7.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT C7.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995
1
20.0

PROGRAM 2 As CLP PDMG

STEP
NO.

1
2
3
4
5
6
7
8
3
10

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT <mA>
SLIT WIDTH Cnm>
SLIT HEIGHT
WAVELENGTH Cnm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

FURNACE PARAMETERS

ABSORBANCE
CONCENTRATION
PEAK AREA
7
7
0.5
NORMAL
193.7
SAMPLER PREMI
0 . 05
1.0
2
ON
0.95

TEMPERATURE TIME GAS FLOW GAS TYPE
CO

135
220
500
1 1 00
1 300
1300
2 GOO
2600
2700
40

(sec) (L/min'.i

10.0 3.0
5.0 3.0
1 0 .0 3.0
15.0 3.0
7.0 3.0
1.0 0.0
1.0 0.0
3.0 0.0
2.0 3.0
13.3 3.0

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

XED

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



oi-i-1-

SAMPLER PARAMETERS
VOLUMES (/L)

SOLUTION BLANK

QC PROTOCOL PARAMETERS

QC STANDARD RATE -; ̂  20
QC INITIAL STANDARD POSITION 45
DC INITIAL BLANK POSITION 51
QC CONTINUING STANDARD POSITION 50

MODIFIER

.ANK
oTANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

»_

20
20
20
20
20

20
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
100
7

5
5
5
5
5
5

PRE INJECT NO

Working Standard Lot #_

Date Prepared.

Analyst._____

QC CONTINUING BLANK POSITION
QC STANDARD VOLUME C/L)
QC STANDARD CONCENTRATION
QC STANDARD LIMITS (7.)
QC SPIKE RATE
QC SPIKE VOLUME ( ft.)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

51
20
50.0 ug/L
40 TO 160
0
3
50.0 ug/L
50.0 ug/L
1 . 1 ug/L
10.0 ug/L

SAMPLE

BLANK
QC

STANDARD 1
QC

STANDARD 2
QC

STANDARD 3
QC

STANDARD 4
if:

CONC
ug/L

0.0

i.O

10.0

50.0

1OO. 0

7.RSD

1 .3

0.6

1 .6

2. 1

MEAN
ABS

-0.001

0.026

0.055

0.239

0.432

READINGS

0.001 -0.002
24Feb97 16:24
CONCENTRATION LESS THAN IDL

0.026
24Feb97

0.055
24Feb97

0.236
24Feb97

0.426
24Feb97

0.026
16:28

0.055

0.242
16:37

0.439
16:42



Method: AS_SE_NI Method Report Wed 03-05-97 11:02:45 AM . page 1

A t o m i z e r : Furnace -7^ ^^ / S ;,,) Svw«4(.
M a t r i x : SOIL AND WASTE WATER n* L

Mu .-IOD I N F O R M A T I O N **

Defau l t Setup:

Number of Repeats : 2
Flush Time (sec) : 5.0
Auto-Increment Sample Names? No

Auto-print C a l i b r a t i o n Curves? : Yes
Analysis Graphics Disp lay : Aborbances & Temp P r o f i l e
Auto-pr in t Analysis Graphics? : No
Auto-save Analysis Graphics? : No

Defau l t Fi le Names:

Analysis Data Fi le : OCT95 Sample L imi t s Table : LCTAB
Autosampler Table : AUTOTAB Blank C A Z ) Limi ts Table : BLANKLCT

QC Check Table : QCTAB
Recovery Check Table : RQCTAB

DUTF'UT INFORMATION **

D1 ->ut Mode: Concentration
I> r ide Print Limits? Yes
Overr ide S i g n i f i c a n t Figures? No
- imi t s Table: LCTAB Check? No
Correct ion Factor: 1

^uto-pr in t data? Yes
Condensed report format? Yes
^uto-store data? Yes
store i n d i v i d u a l repeats? Yes

\eport to:
Screen Avgs, Stats, Reps, Checks, Units
Printer Avgs, Stats, Reps, Checks, Units



Method: AS_SE_NI AP/Elements Informat Wed 03-05-97 11:02:45 AM

Elements : As Se

page 2

Mode : Single Beam Absorption

Integ Time : 1.5 Sec. Delay Time : 1.2 Sec1 .-g Type : F'eak Area
Graph Scale: Automatic
Comment : 0.1 mL 5.07. NiN03 to 5ml_ Sample - PLATFORM TUBE

Furnace Information:
Dry Pyrol

Temp 200 900
Ramp 3 15
Hold 0 10
Purge Low Medium

Pyro2
900
0
2
Low

Atom
2600
0
4
Off

Clean
2600

Hiqh

Integ Stage :
Deposit Time:

Element
Element Name
Wavelength
Bandpass
Lamp Pos.
High Voltage
BKG Method
Lamp Current
Signi f Figs
Print Units
3r*nt Limits
3 t Limits

Atom Air Ash : Off Auto-Baseline Corr.? Yes Economizer? No
12.0 Delay Time: 15 Auto-Deposit Adjust? No

As
As
197.20
1.6
3
Manual
SH
norm: 3.3
5
ppb

Low : 0
High: 0

Value: 625

bkg: 2.5

Stdzn Method: Multipoint Stdn.
Std
!#1:
#2:
#3:
s#4 :
#5:

Names
BlankSTD
5. OOSTD
10. OOSTD
50 . OOSTD
100. OOSTD

Std Cone
=
=
=
=
=

0.00
5.00
10.00
50 . 00
1 00 . 00

Abs.
=
=
=
=
=

0.
0.
0.
0.
o.

0000
0123
0252
1336
2465

£1 ement
Ilement Name
•Javel ength
Bandpass
.amp Pos.
-ligh Voltage
*KG Method"
.amp Current
jign i f Figs
Yint Units
Vint Limits
'rint Limits

Se
Se
196.03
1.0

Manual
SH
norm: C
5
ppb

Low : 0
High: 0

Value: 650

1 bkq: 2.0

Stdzn Method:
^td
1:

#2:
#3:

/C#4:

Names
BlankSTD
5 . OOSTD
10. OOSTD
50. OOSTD

Multipoint Stdn.
Std Cone
= 0.00
= 5. 00
= 10.00
= 50.00

Abs.
= 0.0000
= 0.0148
= 0.0257
= 0.1165

Stdzn Method: Standard Additions
Addn Name Std Addn
#1: ADD1 = 10.00
tt2: ADD2 = 20.00
#3: ADDS = 30.00

Stdzn Method: Standard Additions
Addn Name Std Addn
#1: ADD1 = 10.00
#2: ADD2 = 20.00
#3: ADDS = 30.00



OPERATOR
DATE
BATCH

IF THERE
QC SPIKE
RECOVERY
RECOVERY

C: F' r- •=•
C3OO/4OO

•::• •— ci 1 R: e |p •— • r~
•m.

LR
08/05/97
LI 03 MOBILE SAMPLES

QC PROTOCOL PARAMETERS

IS AN ERROR
POSITION
LIMITS C/i)
MINIMUM LIMIT

CORRELATION COEFFICIENT Cr)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT (.'/.')

STOP
52
85 TO
40
0.995
1
20.0

115

PROGRAM 14 Sb 200.9

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT CmA)
SLIT WIDTH Cnm)
SLIT HEIGHT
WAVELENGTH Cnm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

ABSORBANCE
CONCENTRATION
PEAK AREA
3
7
0.2
NORMAL
217.6
SAMPLER PREMIXED
0.05
1.0
2
ON
1 .40

STEP
NO.

1
O

3
4
5
6
7
8
9

TEMPERATURE
CO

150
300
900
900
800
2500
2500
2700
45

FURNACE PARAMETERS
TIME GAS FLOW
Csec!) CL/min)

25.0
25 . 0
20 . 0
5.0
1.0
0.9
2.5
2 . 0
13.3

3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

GAS TYPE

ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES Crt_>

SOLUTION BLANK

QC PROTOCOL PARAMETERS

QC STANDARD RATE
DC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION '
QC STANDARD VOLUME ( fl_)
QC STANDARD CONCENTRATION
QC STANDARD LIMITS (7.)
QC SPIKE RATE
QC SPIKE VOLUME C fl_>
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

MODIFIER

01_ANK
STANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

_
20
20
20
20
20

20
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
100
7

5
5
5
5
5
5

PRE INJECT NO

20
50
51
50
51
20
50
0
4
8
50
50
2.
5.

.0 ug/L
TO 200

.0 ug/L

.0 ug/L
9 ug/L
0 ug/L



O <-•

G3 C F- r- •=• -fc o c

OPERATOR LR
DATE 02/12/97
BATCH SB01 02101, 021 1L

QC PROTOCOL PARAMETERS

300/400
• 3. R e

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS <7.)
RECOVERY MINIMUM LIMIT ('/.)
CORRELATI ON . COEFFICIENT. C r)
OVERRANGE VOLUME REDUCTION '.
REPLICATE RSD LIMIT (7.) •-.

RESLOPE AND REPEAT
52
85 .TO 115
40
0.995..-...-„• _•:
1 '-i -. - •
20.0

PROGRAM 19 Sb HCL std.' Amm."" Nitr

INSTRUMENT MODE -•'- ABSORB ANCE
CALIBRATION MODE.. . ... . CONCENTRATION.,
MEASUREMENT MODE PEAK AREA
LAMP POSITION . . 3

"' LAMP CURRENT CmA) 7
- SLIT WIDTH Cnm) - - ; o:2
SLIT HEIGHT . .' NORMAL
WAVELENGTH Cnm) 217.6
SAMPLE INTRODUCTION SAMPLER PREMIXED
TIME CONSTANT 0.05
MEASUREMENT TIME (sec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.40

FURNACE PARAMETERS
STEP
NO.

1
2
3
.<
T

5
6
7
8
•a

TEMPERATURE
CO

150
300
700
700
700
2300
2300
2600
45

TIME
(sec)

25 . 0
25.0
5.0
15.0
1 .0
0.9
1.5
2.0
13.3

GAS FLOW
CL/min)

3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES C/L)

SOLUTION BLANK MODIFIER

BLANK
STANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

MULTIPLE INJECT

20
20 0
20 0
20 0
20 0
20 0

RECALIBRATION RATE
RESLQPE RATE

NO HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
100
.7

3
3
3
3
O

3

PRE INJECT !NO

QC PROTOCOL PARAMETERS

QC STANDARD RATE . 20
QC INITIAL STANDARD 'POSITION 45
QC INITIAL BLANK POSITION 51
QC CONTINUING STANDARD POSITION 50
QC CONTINUING BLANK POSITION 51
QC STANDARD VOLUME C/1_) 20
QC STANDARD CONCENTRATION 50.0 ug/L
QC STANDARD LIMITS (7.) 39 TO 120
QC SPIKE RATE 0
QC SPIKE VOLUME C fl_> 8
QC SPIKE CONCENTRATION 50.0
MATRIX SPIKE CONCENTRATION 50.0
INSTRUMENT DETECTION LIMIT 1.3
REQUIRED DETECTION LIMIT 10.0

.. Working Standard Let £ fl~-3ocr

Date Prepared.

Analyst.___

03.-ii.-q-?

L&-

ug/L
ug/L
ug/L
uq/L

SAMPLE

BLANK
QC

CONC
ug/L

0.0

7.RSD MEAN
ABS

0.003

READINGS

0.005 0.001
12Feb37 08:15
CONCENTRATION LESS THAN IDL

STANDARD 1
QC

STANDARD 2
QC.

STANDARD 3
QC

STANDARD 4
QC

5.0

10.0

50.0

100.0

0.9

1.9

5.9

0.5

0.032

0.047

0.217

0.364

0.032
12Feb97

0.046
12Feb97

0.20B
12Feb97

0 - 365
12Feb97

0 . 032
08:20

0.047
08 : 25

0.226
08 : 30

0.363
08:35



' ̂ H. V 1 =*

OPERATOR
DATE
BATCH

= -fc
G3 O

MM
02/27/37
SB05 0225E MDL'S

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS <7.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT.-(7.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.9S5
1
20.0

PROGRAM IB Sb HN03

INSTRUMENT MODE • ' " • ABSORBANCE
CALIBRATION MODE CONCENTRATION
MEASUREMENT MODE - PEAK AREA
LAMP POSITION 3 -
LAMP CURRENT CmA) 7
SLIT WIDTH Cnm) 0.2
SLIT HEIGHT NORMAL
WAVELENGTH Cnm) 217.6
SAMPLE INTRODUCTION SAMPLER PREMI
TIME CONSTANT 0.05
MEASUREMENT TIME (sec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.40

FURNACE PARAMETERS
STEP
NO.

1
2
3
4
5
6
7
a
•3

TEMPERATURE
CO

150
300
700
70O
700
2300
2300
2700
45

TIME
(sec)

25 . 0
25.0
20 . 0
5 . 0
1 .O
0.9
2 . 0
2.0
13.3

GAS FLOW
CL/min)

3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

XED

READ
COMMAND

NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES < /L)

SOLUTION BLANK MODIFIER

WK — 20
. ANDARD 1 20 0
STANDARD 2 20 0
STANDARD 3 20 0
STANDARD 4 20 0
SAMPLE 20 0

RECALIBRATION RATE
RESLOPE RATE

MULTIPLE INJECT NO HOT INJECT
TEMPERATURE
INJECT RATE

5
5
5
5
5
5

0
0

YES PRE INJECT NO
100
7

QC PROTOCOL PARAMETERS WorhJfJg ̂ ^ ^ ̂  LT. ̂

QC STANDARD RATE .
QC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION
QC STANDARD VOLUME C fl_>
QC STANDARD CONCENTRATION
QC STANDARD LIMITS C7.)
QC SPIKE RATE
QC SPIKE VOLUME C fl_)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

SAMPLE CONC 7.RSD MEAN
ug/L ABS

BLANK 0.0 0.001
QC

STANDARD 1 5.0 8.0 0.025
QC

STANDARD 2 10.0 6.6 0.044
QC

STANDARD 3 50 . 0 1.6 0 . 208
QC

STANDARD 4 1 00 .0 0.1 O . 353

•2°. Date PreDared_ 62.27. f 7
*rO

^* Anaivst^ Mlf\-
50 ——————————————— •
51
20
50.0 ug/L
39 TO 111
0
8
50.0 ug/L
50.0 ug/L
1.3 ug/L
10.0 ug/L

READINGS

-0.001 0.002
27Feb97 15:55 :-
CONCENTRATION LESS THAN IDL

0 . 026 0 . 023
27Feb97 16:01

0.042 0.046
27Feb97 16:06

0 . 206 0.211
27Feb97 16:11

0.353 0.353
27Feb97 16:16



± <=n n S pi €=• •- -fc v ft £* C3 O O / -=4- O O
G O !=• t- •-• -b ci «r •-• 1 F: e p •-• TT

OPERATOR LR
DATE 08/05/97
BATCH LI03 MOBILE SAMPLES

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS (X)
RECOVERY MINIMUM LIMIT ('/.)
CORRELATION COEFFICIENT <r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT ('/.)

STOP
52
85 TO 115
40
0.995
1
20.0

PROGRAM 4 Tl 200.9

- INSTRUMENT 'MODE ABSORBANCE
CALIBRATION MODE CONCENTRATION
MEASUREMENT MODE - PEAK AREA
LAMP POSITION 6
LAMP CURRENT CmA) 10
SLIT WIDTH Cnm) 0.5
SLIT HEIGHT NORMAL
WAVELENGTH (nm) 276.8
SAMPLE INTRODUCTION SAMPLER PREMIXED
TIME CONSTANT 0.05
MEASUREMENT TIME (sec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 0.55

FURNACE PARAMETERS
STEP —— - —
NO.

1
2
•̂̂j
4
5
6
7
8
9

TEMPERATURE
CO

150
250
950
950
950
2500
2500
2600
40

TIME
(sec)

10.0
10.0
20 . 0
10.0
1 .0
0.9
2.0
2.0
12.8

GAS FLOW
CL/min)

3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

' GAS TYPE

ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES Cfl_>

SOLUTION BLANK MODIFIER

_ANK
STANDARD
STANDARD
STANDARD
STANDARD
SAMPLE

MULTIPLE

15
1 15 0
2 15 0
3 15 0
4 15 0

15 0

REC ALTERATION RATE
RESLOPE RATE

INJECT NO HOT INJECT
TEMPERATURE
INJECT RATE"

5
5
5
5
5
5

0
o -
YES PRE INJECT 1
100
7 -.

QC PROTOCOL PARAMETERS

QC STANDARD RATE :

QC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION -.
QC STANDARD VOLUME (fl_>
QC STANDARD CONCENTRATION
QC STANDARD LIMITS ('/.)
QC SPIKE RATE
QC SPIKE VOLUME C fL)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

20
50
51
50
51
15
50.00 uq/L
40 TO 160
1
£
50.00 ug/L
50.00 ug/L
1.23 ug/L
2.00 ug/L

NO



n
F' F:

OPERATOR
DATE
BATCH

IF THERE
QC SPIKE
RECOVERY
RECOVERY

MM
01/24/97
TL04 0122F RERUNS

DC PROTOCOL PARAMETERS

IS AN ERROR
POSITION
LIMITS <:•/.:>
MINIMUM LIMIT (X)

CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT </O

RESLOPE
52
85
40
0. 995
1
20.0

AND REPEAT

TO 115

PROGRAM Tl

-INSTRUMENT MODE "•' '
CALIBRATION MODE
MEASUREMENT MODE „ :J -
LAMP POSITION ;'•''•• "'
LAMP CURRENT CmA)
SLIT WIDTH <nm5
SLIT HEIGHT
WAVELENGTH C nm')
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

FURNACE PARAMETERS

ABSORBANCE
CONCENTRATION
PEAK AREA -
6 - ; ' '
&
0.5
NORMAL
276.8
SAMPLER PREMIXED
0.05
1.0
2
ON
1 .00

STEP
NO.

1
2
^
O

4
5
6
7
8

TEMPERATURE
( C !>

250
950
950
950
2400
24OO
2500
40

TIME
(sec ')

20 . 0
20 . 0
1 0 . 0
1 .0
0 . 9
3 . 0
2 . 0
1 •-.• oj. «i . —i

GAS FLOW
CL/mi rO

3 . 0
3.0
*3 f"lO . I.'

3.0
0 . 0
0 . 0
•? i")*!; . U
O fiO . 1.'

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
YES
YES
YES
NO



01-'

SAMPLER PARAMETERS
VOLUMES CrL)

SOLUTION BLANK MODIFIER

JLANK
STANDARD 1
STANDARD 2
STANDARD 3
STANDARD 4
SAMPLE

- . - • • -

MULTIPLE INJECT

15
15 0
15 0
15 0
15 0
15 0

RECALIBRATION RATE
RESLOPE RATE ' ~ . ' '- •-'' ~~

NO ' HOT INJECT
TEMPERATURE
INJECT RATE .. ."-

0
0

YES
100
7

5
5
5
5
5
tr

PRE INJECT NO

DC PROTOCOL PARAMETERS

DC STANDARD RATE
DC INITIAL STANDARD POSITION
DC INITIAL BLANK POSITION-.- -
DC CONTINUING STANDARD POSITION
DC CONTINUING BLANK POSITION
DC STANDARD VOLUME C fL) . .
DC STANDARD" CONCENTRATION ""
DC STANDARD LIMITS C7.)
QC SPIKE RATE
QC SPIKE VOLUME (. A_ 5
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

20
45
SI-
50
51
15
50 . 0
40
0
6
50 . 0
50 . 0
0.7
2.0

ug/L
TO 160

ug/L
uq/L
uq/L
uq/L

Working Standard Lot

Date Prepared

Analyst,

SAMPLE

BLANK
QC

STANDARD 1
QC

STANDARD 2
QC

CONC
uq/L

V.RSD

3.0

10.0

8.2

0.7

MEAN
ABS

0.001

0.009

0.028

READINGS

0.001 0.001
24Jan97 13:47
CONCENTRATION LESS THAN IDL

0.009 0.010
24Jan97 13:51

0.027 0.028
24Jan97 13:55

STANDARD 3
QC

50.0 1.9 0.126 0.127 0.124
24Jan97 14:00

STANDARD 4
7i r:

100.0 0.213 0.210 0.216
24Jan97 14:04



G3 O F' v •=• "fc «r« in
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•-• 1 F: e p -ri *-
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OPERATOR
DATE
BATCH

LR
08/05/97
LI03 MOBILE SAMPLES

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS ('/.>
RECOVERY MINIMUM LIMIT (*/.)
CORRELATION COEFFICIENT C r )
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT C7.)

STOP
52
85 TO 115
40
0.995
1
20.0

PROGRAM 12 Pb 200.9

INSTRUMENT MODE '
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT CmA)
SLIT WIDTH Cnm)
SLIT HEIGHT
WAVELENGTH Cnm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

ABSORBANCE
CONCENTRATION
PEAK AREA
4

NORMAL
283.3
SAMPLER PREMIXED
0.05
1.0
1
ON
1.40

STEP-
NO.

1
..'

3
4
5
6
7
8
9
10

TEMPERATURE
CO

150
250
250
900
900
900
2400
2400
2400
45

FURNACE PARAMETERS
TIME GAS FLOW
(sec ) (L/mi n)

20 . 0
10.0
2.0
5.0
20 . 0
1.0
0 . 8
2.0
2.5
12.3

3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
3.0
3.0

GAS TYPE

ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES C ft.)

SOLUTION BLANK MODIFIER

.ANK — 10
STANDARD 1 10 0
STANDARD 2 10 0
STANDARD 3 10 0
STANDARD 4 10 0
SAMPLE 10 0

RECALIBRATION RATE
RESLOPE RATE

MULTIPLE INJECT NO HOT INJECT
TEMPERATURE •
INJECT RATE

3
o

0
. 0

YES PRE INJECT 1
100
5

QC PROTOCOL PARAMETERS.

QC STANDARD RATE . -
QC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION -T""""
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION .
QC STANDARD VOLUME ( fl_>
QC STANDARD CONCENTRATION
QC STANDARD LIMITS C'/.)
QC SPIKE RATE
QC SPIKE VOLUME ( rt_)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

20 -- ' : ' '•'
50
51 •; ' ' " - -
50
51
•10
50.0 ug/L
40 TO 160
0
4
50.0 ug/L
50.0 ug/L
0.2 ug/L
5.0 ug/L

NO



/ O /
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OPERATOR
DATE
BATCH

IF THERE
DC SPIKE
RECOVERY
RECOVERY

LR
12/05/9&
PB01,TL01 IDL'S

DC PROTOCOL PARAMETERS

IS AN ERROR
POSITION
LIMITS <•/.:>
MINIMUM LIMIT C7.)

CORRELATION 'COEFFICIENT Cr)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT C/.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995
1
20.0

PROGRAM 1 Pb CLP AMM.PHOS.

'INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE ' -
LAMP POSITION
LAMP CURRENT CmA) ..
SLIT WIDTH Cnm)
SLIT HEIGHT
WAVELENGTH Cnm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

ABSORBANCE
CONCENTRATION
PEAK AREA
4
5
0.5
NORMAL
OQO O,*lO*_r • ̂ j

SAMPLER PREMIXED
0.05
1 .0

ON
1 .40

STEP-
NO.

1
•"•

*— i
O

4
5
6
7
8
3
10
1 1

TEMPERATURE
( C )

1 50
250
250
600
600
900
900
21 00
2100
24OO
45

FURNACE PARAMETERS
TIME GAS FLOW
(sec ') CL/mi n)

20 . 0
1 0 . 0
2 . 0
5.0
20 .0
1 .0
2 . 0
0.8
2 . 0
2.5
12.3

2.0
3.0
*? Aw . *.'
T t'lO . '-'

"? I'l*J . l.}

"> r\O . U

C> . 0
0 . 0
0 . 0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES C rL)

SOLUTION BLANK MODIFIER

ANK
,'ANDARD

STANDARD
STANDARD
STANDARD
SAMPLE

1
o
t-*ko
4

__

20
20
20
20
20

20
0
0
0
0
o

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT .
TEMPERATURE
INJECT RATE -: .

3
3
3
3
3
3

0
0

. YES , PRE INJECT
100
5

NO

DC PROTOCOL PARAMETERS Working Standard Lot #_ 3V2-

DC
QC
DC
DC
DC
DC
DC
DC
DC:
QC
DC

STANDARD RATE'
INITIAL STANDARD.POSITION
INITIAL BLANK POSITION. ~
CONTINUING STANDARD POSITION
CONTINUING BLANK POSITION
STANDARD - VOLUME ( rt_ )
STANDARD CONCENTRATION
STANDARD LIMITS C/O
SPIKE RATE
SPIKE VOLUME C fl_)
SPIKE CONCENTRATION

MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REDUIRED DETECTION LIMIT

45
51
50
51
20
50.0 ug/L
40 TO 160
0
8
50.0 ug/L
50.0 ug/L
0.2 ug/L
5.0 ug/L

SAMPLE

BLANK
QC

STANDARD 1
QC

STANDARD 2
QC

STANDARD 3
QC

STANDARD 4

CONC
ug/L

'/.RSD

3.0

10.0

50.0

100.0

0.7

MEAN
ABS

0.003

0.017

0.063

0.290

0.528

READINGS

0.003 0.002
05Dec96 16:10
CONCENTRATION LESS THAN IDL

0.016 0.018
05Dec96 16:14

0.061 0.064
05Dec96 16:19

0.288 0.291
05Dec96 16:23

0.527 0.529
05Dec96 16:28



OPERATOR
DATE
BATCH

G! G F=* r- •=• -b •-• >

LR
02/14/97
CR02,CU02 MDL'S

QC PROTOCOL PARAMETERS

3OO/-4-OO Z
1 R: e FD •=• r- -b

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS (7.)
RECOVERY MINIMUM LIMIT ('/.)
CORRELATION COEFFICIENT (r)
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT -('/.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995

20.0 .:.- " --

PROGRAM 16 Cr NO MODIFIER

INSTRUMENT MODE - V- ABSORBANCE-. .
CALIBRATION MODE CONCENTRATION
MEASUREMENT MODE PEAK AREA -
LAMP POSITION 8

-. LAMP CURRENT CmA) -7 . . . . .
SLIT WIDTH Cnm) 0.2
SLIT HEIGHT • REDUCED
WAVELENGTH Cnm) 357.9
"SAMPLE INTRODUCTION SAMPLER PREMIXED
TIME CONSTANT 0.05
MEASUREMENT TIME (sec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.50

FURNACE PARAMETERS
STEP
NO.

1
2
^o
4
5
6
7
8
9
1C
11

TEMPERATURE
(C)

95
120
500
500
1000
1000
1 000
2700
2700
2700
80

TIME
(sec)

30 . 0
20.0
5.0
2.0
5.0
5.0
2.0
1.1
2.0
3.0
13.1

GAS FLOW
(L/min)

3.0
3.0
3.0
3.0
3.0
3.0
0.1
0.0
0.0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
' COMMAND

NO
NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES C fl_>

SOLUTION BLANK

DC PROTOCOL PARAMETERS

DC STANDARD RATE . 20
DC INITIAL STANDARD POSITION " 45
DC INITIAL BLANK POSITION : 51
DC CONTINUING STANDARD POSITION 50

MODIFIER

BLANK
r ^NDARD
» .NDARD
STANDARD
STANDARD
SAMPLE

1
2
3
4

__
6
&
6
6
6

6
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE
INJECT RATE

- ..-

0
o
YES PRE INJECT

. 95. -
7 -; ;

NO

Working Standard Lot #_

Date Prepared- oi.^.c,

Analyst^ i A-
DC CONTINUING BLANK POSITION 51
DC STANDARD VOLUME </T_> . 6
DC STANDARD CONCENTRATION •. ~ " -50.0 ug/L
DC STANDARD LIMITS (7.) .40. TO 160
DC SPIKE RATE 0
DC SPIKE VOLUME Cfl_) 6
DC SPIKE CONCENTRATION 20.0 ug/L
MATRIX SPIKE CONCENTRATION 50.0 ug/L
INSTRUMENT DETECTION LIMIT 0.3 ug/L
REDUIRED DETECTION LIMIT 10.0 ug/L

SAMPLE

BLANK
QC

BLANK
DC

CONC
ug/L

0.0

0.0

7.RSD MEAN
ABS

0.034

-0.020

READINGS

0.042 0.025
14Feb97 13:03
CONCENTRATION LESS THAN IDL

-0.019 -0.021
14Feb97 13:09
CONCENTRATION LESS THAN IDL

STANDARD 1
DC

5.0

STANDARD 2 10.0
DC

STANDARD 3 50.0

STANDARD 4 100.O
DC

o.:

2.2

0.3

0

0

0

o

.052

.103

.498

.924

0.052
14Feb97

0.104
14Feb97

0.486
14Feb97

0 . 922
14Feb97

0 . 052
13:13

0.101
13:18

0 . 509
13:22

0 . 926
13:26



3OO/-4-OO
G! C: F- v- cr- -b <=• c: •=- 1 R: e=? p o r-

OPERATOR LR
DATE 02/27/97
BATCH LI05 70676 AUDIT,MDL'S

QC PROTOCOL PARAMETERS

m <a

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS ('/.)
RECOVERY MINIMUM LIMIT ('/.)
-CORRELATION COEFFICIENT <r>
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT ('/.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995

'1 - -:.- -
20.0

PROGRAM 23 Li 57. H2/ARGON

INSTRUMENT MODE : - "ABSORBANCE • " ">
.CALIBRATION MODE ..____ CONCENTRATION
MEASUREMENT MODE "PEAK AREA •'••'•. -; -
LAMP POSITION 1
LAMP CURRENT (mA) • ' 5-

:'SLIT WIDTH (nm) '. ;- ;:^0.5;
SLIT HEIGHT REDUCED
WAVELENGTH (nm) 670.8
SAMPLE INTRODUCTION SAMPLER PREMIXED
TIME CONSTANT 0.05
MEASUREMENT TIME (sec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.40

FURNACE PARAMETERS
STEP
NO.

1
2
o

4
5
6
7
8
9
10

TEMPERATURE
(C)

90
120
200
600
600
600
2600
2600
280O
45

TIME
(sec)

5.0
5.0
20 . 0
5.0
1 0 . 0
1 .0
1 . 1
1 .2
2 . 0
13.8

GAS FLOW
(L/min)

3.0
3.0
3.0
3.0
3.0
2.0
2.0
2.0
3.0
3.0

GAS TYPE

ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
ALTERNATE
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES C fl_)

SOLUTION BLANK

QC"PROTOCOL PARAMETERS :

QC STANDARD RATE
QC 'INITIAL STANDARD.POSITION, _:*.
QC INITIAL BLANK POSITI ON :•:T. y:.- ̂
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION
QC STANDARD VOLUME < ft.)
QC STANDARD CONCENTRATION - - ".
QC STANDARD LIMITS <'/.) ;V

QC SPIKE RATE
QC SPIKE VOLUME (ft.)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

MODIFIER

P' ">NK
i slDARD
S'l ANDARD
STANDARD
STANDARD
SAMPLE

1
2
3
4

_ _

8
8
8
8
8

8
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE -
INJECT RATE

0
0

. YES
80
-5

12
12
12
12
12
12

PRE INJECT NO

20
.45',.: ...si"-;
50 '.-..!••_. ..:.-:..
51
8
25.00 ug/L
40 TO 160
0 -
4
20.00 ug/L
25.00 ug/L
0.70 ug/L
10.00 ug/L

Working Standard Lot #_

Date Prepared_JLiL_2JLlZ_

Analyst____

SAMPLE

BLANK
QC

STANDARD 1
QC

STANDARD 2
QC

STANDARD 3
DC

STANDARD 4
QC

CONC
ug/L

0.00

5.00

10 .00

20 .00

50.00

7.RSD

10. 1

3.6

0.9

1 .8

MEAN
ABS

0.002

0.007

0.017

0.037

READINGS

0.001 0.002
27Feb97 06:53
CONCENTRATION LESS THAN IDL

0 . 007
27Feb97

0.017
27Feb97

0 . 006
06 : 57

0.018
07:00

0.037 0.036
27Feb97 07:05

0.095
27Feb97

0.098
07:08



tr a. -a n

OPERATOR
DATE
BATCH

IF THERE
QC SPIKE
RECOVERY
RECOVERY

G! C •— • t •=• •— •—• 1

LR
02/07/97
CU01 MDL'S

QC PROTOCOL PARAMETERS

IS AN ERROR
POSITION
LIMITS <:•/.)
MINIMUM LIMIT

CORRELATION COEFFICIENT Cr>
OVERRANGE VOLUME REDUCTION
REPLICATE RSD LIMIT ('/.)

RESLDPE AND REPEAT

85
40
0 .995
1
15.0

TO 11:

PROGRAM 17 Cu NO MODIFIER

INSTRUMENT MODE
CALIBRATION MODE
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT CmA)
SLIT WIDTH CnnO
SLIT HEIGHT
WAVELENGTH Cnm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME Csec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORBANCE

ABSORBANCE
CONCENTRATION
PEAK AREA
1
4
0.5
NORMAL
327.4
SAMPLER PREMIXED
0.05
1 .0
il

ON
1.50

3TEP
MO.

1
2
-̂ !

4
~l

Z1

-7

3
4̂

10

TEMPERATURE
( C .")

1 '-NET1 OO

200
300
500
750
750
2 1 00
2100
2600
45

FURNACE PARAMETERS
TIME GAS FLOW
CsecJ CL/min)

1 5 . 0 3
10 0 3
5.c
5.(
15
3.«
1 .(
2.(
1 .<

) 3
) 3
0 3
) 1
> 0
) 0
1 r?1 o

1 >—\ <"^ ^
O • *!/ O

.0

.0

.0

.0

.0

.0

.0

.0

.0

. 0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
. COMMAND

NO
NO
NO
NO
NO
NO
YES
YES
NO
NO



01-CT - -

SAMPLER PARAMETERS
VOLUMES <:n_:)

SOLUTION BLANK MODIFIER

BLANK
? IDARD
S .JDARD
STANDARD
STANDARD
SAMPLE

V

MULTIPLE

SAMPLE

BLANK.
3C

5 LANK
DC

\\
3LANK

— 20
1 20 0
2 20 0
3 20 0
4 20 0

20 0

RECALIBRATION RATE
RESLOPE RATE

INJECT NO HOT INJECT
TEMPERATURE
INJECT RATE

DC PROTOCOL PARAMETE

DC STANDARD RATE
DC INITIAL STANDARD POSITION
DC INITIAL BLANK POSITION
DC CONTINUING STANDARD POSITION
DC CONTINUING BLANK POSITION
DC STANDARD VOLUME C rt_ ')
DC STANDARD CONCENTRATION
DC STANDARD LIMITS C%>
QC SPIKE RATE
DC SPIKE VOLUME Crt.)
DC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LI-MIT

CONC XRSD MEAN
ug/L ABS

0 . 0 0 .054

0 . 0 0 . 003

0 . 0 — O . (")(")(")

0
0

YES PRE INJECT NO
75
7

\j (_"2_
ERS Working Standard Lot # — ̂ •)~—

20 Date Prepared — /V.*?-?"7 — —
45 Lt51 Analyst _____ 1£ ——————
50
51
20
50.0 ug/L
40 TO 160
0
8
50.0 ug/L
50.0 ug/L
0.3 ug/L
10.0 ug/L

READINGS

0 . 092 0 .016
07Feb97 07:37
CONCENTRATION LESS THAN IDL

0.011 -0.004
07Feb97 07:43
CONCENTRATION LESS THAN IDL

0 . 005 -0 . 005

STANDARD 1 5 . 0 0 . 0

V DARD 2 10.0
ii_.

0 .026

(I) . 058

07Feb97 07:47
CONCENTRATION LESS THAN IDL'

0.026 0.026
07Feb97 07:51

0 . 057 0 . 059

STANDARD 3
1C

50.0 0 . 8 0.303 0.301 0.305
07Feb97 07:59



Method: NI Method Report Sat 03-01-97 09:55:54 AM page 1

Atomizer: Furnace
Matrix: ULTRAPURE WATER

METHOD INFORMATION **

Default Setup:

Number of Repeats : 2
Flush Time (sec) : 0.0
Auto-Increment Sample Names? No

Auto-print Calibration Curves? :
Analysis Graphics Display :
Auto-print Analysis Graphics? :
Auto-save Analysis Graphics? :

Default File Names:

Analysis Data File
Autosampler Table

NI
ADTOTAB

No
Aborbances & Temp Profile
No
No

Sample Limits Table
Blank (AZ) Limits Table
QC Check Table
Recovery Check Table

LCTAB
BLANKLCT
QCTAB
RQCTAB

DUTPUT INFORMATION **

X ut Mode: Concentration
>verride Print Limits? Yes
Override Significant Figures? No
Amits Table: LCTAB Check? No
Correction Factor: 1

vuto-print data?
Condensed report format?
iUto-store data?
'tore individual repeats?

Yes
Yes
Yes
Yes

Report to:
Screen
Printer

Avgs, Stats, Reps, Checks, Units
Avgs, Stats, Reps, Checks, Units



""*YU.*-
3 O O / •=* O O

F- <=.• -b

OPERATOR
DATE
BATCH

LR/MM
02/12/97
CD03 0211J,MDL'S

QC PROTOCOL PARAMETERS

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS C/.>
RECOVERY MINIMUM LIMIT C7.)
CORRELATION COEFFICIENT <r)
OVERRAN6E VOLUME REDUCTION
REPLICATE RSD LIMIT (7.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.995
1
20.0

PROGRAM 29 Cd AMM.PHOS.

STEP
NO.

1
2
3
4
5
6
7
8
3

INSTRUMENT MODE
CALIBRATION MODE .
MEASUREMENT MODE
LAMP POSITION
LAMP CURRENT (mA)
SLIT WIDTH <nm)
SLIT HEIGHT
WAVELENGTH <nm)
SAMPLE INTRODUCTION
TIME CONSTANT
MEASUREMENT TIME (sec)
REPLICATES
BACKGROUND CORRECTION
MAXIMUM ABSORB ANCE

FURNACE PARAMETERS
TEMPERATURE TIME GAS FLOW

CO

180
250
500
500
500
2000
2000
2500
45

(sec) (L/min)

15.0 3.0
10.0 3.0
20 . 0 3.0
10.0 3.0
2.0 0.1
1.0 0.1
3.0 0.1
1.0 3.0
12.3 3.0

ABSORBANCE
CONCENTRATION
PEAK AREA
3
4
0.5
NORMAL
228.8
SAMPLER PREMI
0.05
1.0
2
ON
1.00

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

XED

READ
COMMAND

NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES <f l_>

SOLUTION BLANK MODIFIER

BLANK — 15
STANDARD 1 15 0
oTANDARD 2 15 0
STANDARD 3 15 0
STANDARD 4 15 0
SAMPLE 15 0

RECALIBRATION RATE
RESLOPE RATE

MULTIPLE INJECT NO HOT INJECT
TEMPERATURE
INJECT RATE

4
4
4
4
4
4

0
0

YES PRE INJECT NO
110
7

QC PROTOCOL PARAMETERS

QC STANDARD RATE
QC INITIAL STANDARD POSITION
QC INITIAL BLANK POSITION
QC CONTINUING STANDARD POSITION
QC CONTINUING BLANK POSITION
QC STANDARD VOLUME < ft.)
QC STANDARD CONCENTRATION
QC STANDARD LIMITS ('/.)
QC SPIKE RATE
QC SPIKE VOLUME C/L)
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

SAMPLE CONC 7.RSD MEAN
ug/L ABS

BLANK 0 . 00 0 . 333
QC

BLANK 0.00 0.001
QC

20
45
51
50
51
15
5.00 ua/L
40 TO 160
0
6
5.00 uq/L
5.00 ug/L
0.06 ug/L
1.00 ug/L

READINGS

0.665 0.001
12FebS7 15:07
CONCENTRATION LESS THAN IDL

0.001 0.001
12Feb97 15:13
CONCENTRATION LESS THAN IDL

STANDARD 1 1.00
QC

STANDARD 2 2.0O
QC

STANDARD 3 5.00

STANDARD 4 10.00
QC

4.8

o.:

.0

0.3

0.031

0.061

0.147

0.276

0.032
12Feb97

0.061
12Feb97

0.145
12Feb97

0.276
12Feb97

0.030
15:17

0.060
15:22

0.149
15:26

0.277
15:31



00
F=' r- .r. -fc •=• •= o.

OPERATOR
DATE
BATCH

LR
02/24/97
AG03 MDL ' S

QC PROTOCOL PARAMETERS

•=• r- "fc

1

IF THERE IS AN ERROR
QC SPIKE POSITION
RECOVERY LIMITS C7.)
RECOVERY MINIMUM LIMIT (7.)
CORRELATION COEFFICIENT (r)
OVERRAN6E VOLUME REDUCTION
REPLICATE RSD LIMIT <7.)

RESLOPE AND REPEAT
52
85 TO 115
40
0.395
1
20.0

PROGRAM 27 Aq AMM.PHOS.

INSTRUMENT MODE ABSORBANCE
CALIBRATION MODE CONCENTRATION
MEASUREMENT MODE PEAK AREA
LAMP POSITION 2
LAMP CURRENT CmA) 4
SLIT WIDTH Cnm) 0.5
SLIT HEIGHT NORMAL
WAVELENGTH Cnm) 328.1
SAMPLE INTRODUCTION SAMPLER PREMIXED
TIME CONSTANT 0.05
MEASUREMENT TIME (sec) 1.0
REPLICATES 2
BACKGROUND CORRECTION ON
MAXIMUM ABSORBANCE 1.30

FURNACE PARAMETERS
STEP
NO.

1
2
*~t
w

4
5
6
7
8
9

TEMPERATURE
CO

120
200
800
800
800
2400
2400
2600
45

TIME
Csec)

20 . 0
10.0
15.0
5.0
2.0
0.9
2.0
3.0
13.3

GAS FLOW
CL/min)

3.0
3.0
3.0
3.0
0.1
0.0
0.0
3.0
3.0

GAS TYPE

NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL

READ
COMMAND

NO
NO
NO
NO
NO
YES
YES
NO
NO



SAMPLER PARAMETERS
VOLUMES <. rt_>

SOLUTION BLANK

BLANK
NDARD

^ ^NDARD
STANDARD
STANDARD
SAMPLE

1
2
3
4

—
20
20
20
20
20

20
0
0
0
0
0

RECALIBRATION RATE

MULTIPLE INJECT

RESLOPE

NO

RATE

HOT INJECT
TEMPERATURE
INJECT RATE

0
0

YES
100
9

MODIFIER

2
2
2
2.— ,*.
2

PRE INJECT

QC PROTOCOL PARAMETERS

QC STANDARD RATE 20
QC INITIAL STANDARD POSITION 45
QC INITIAL BLANK POSITION 51
QC CONTINUING STANDARD POSITION 50
QC CONTINUING BLANK POSITION
QC STANDARD VOLUME ( fL")
QC STANDARD CONCENTRATION
QC STANDARD LIMITS (7.)
QC SPIKE RATE
QC SPIKE VOLUME C /T_>
QC SPIKE CONCENTRATION
MATRIX SPIKE CONCENTRATION
INSTRUMENT DETECTION LIMIT
REQUIRED DETECTION LIMIT

NO

Working Standard Let # Tr-±

Date Prepared __ oz-z.-i.cn______

Analyst^ LA-

51
20
5.00 ug/L
40 TO ISO
0
8
5.00 ug/L
5.00 ug/L
0.03 ug/L
1.00 ug/L

SAMPLE

BLANK
QC

CONC
ug/L

0.00

7.RSD MEAN
ABS

0.001

READINGS

0.001 0.000
24Feb97 12:56
CONCENTRATION LESS THAN IDL

STANDARD 1
QC

STANDARD 2
QC

STANDARD 3
QC

STANDARD 4
QC

1 .00

2.00

i.OO

10.00

3.0

0.0

0.4

0.7

0.040

0.082

0.204

0.389

0.039
24Feb97

0.082
24Feb97

0.204
24Feb97

0.387
24Feb97

0.041
13:01

0.082
13:05

0.205
13:10

0.391
13:15



Method: ASSECLP Method Report- Thu 02-20-97 09:58:08 AM page 1

Atomizer: Furnace
Matrix: SOIL AND WASTE WATER

THOD INFORMATION **

Default Setup:

Number of Repeats : 2
Flush Time (sec) : 5.0
Auto-Incr ement Sample Names? No

Auto-print Calibration Curves'7' : Yes
Analysis Graphics Display
Auto-print Analysis Graphics?
Auto-save Analysis Graphics?

Default File Names:

Analysis Data File
Autosampler Table

AFEB971
AUTOTAB

Aborbances ?< Temp Profi le
No
No

Sample Limits Table
Blank (AZ) Limits Table
QC Check Table
Recovery Check Table

LCTAB
BLANKLCT
QCTAB
RQCTAB

OUTPUT INFORMATION **

P'ltput Mode: Concentration
?rride Print Limits? Yes

Lrverride Significant Figures? No
Limits Table: LCTAB Check? No
Correction Factor: 1

Auto-print data?
Condensed report format?
Auto-store data'?
Store individual repeats?

Yes
Yes
Yes
Yes

Report to:
Screen
Pr inter

Avgs, Stats, Reps, Checks, Units
Avgs, Stats, Reps, Checks, Units



Method: ASSECLP AP/Elements Informat Thu 02-20-97 09:53:08 AM

Elements : As Se

page 2

Mode : Single Beam Absorption

Inteq Time : 1.5 Sec. Delay Time : 1.2 Sec.iteg Type : Peak Area
ijraph Scale: Automatic
Comment : 0.1 mL 1 . OX Ni to 5mL Sample - PLATFOFs'M TUBE

Furnace Information:
Dry Pyrol

Temp 200 900
Ramp 3 15
Hold 0 10
Purge Low Medium

Pyrol'
900
0

Low

Atom
2600
0
4
Off

Clean
2600

2
Hiqh

Integ Stage : Atom
Deposit Time: 12.0

Air Ash : Off Auto-Baseline Corr.? Yes Economizer? No
Delay Time: 15 Auto-Deposit Adjust? No

Element
Element Name
Wavelength
Bandpass
Lamp Pos.
High Voltage
BKG Method
Lamp Current
Signif Figs
Print Units
Print Limits
•int Limits

As
As
197.20
1.0
1
Manual
SH
norm: C
5
ppb

Low : 0
High: 0

Value: 600

0 bkg: 2.5

Stdzn Method: Multipoint Stdn.
Std Names

A/Zttl: BlankSTD
#2: 5.OOSTD
tt3: 10. OOSTD

50.OOSTD

Std Cone
= 0. 00
= 5.00
= 10.00
= 50.00

#5: 100.OOSTD = 100.0O

Abs.
= 0.0000
= 0.0110
= 0.0250
= 0.1193
= 0.2243

Stdzn Method: Standard Additions
Addn Name Std Addn
#1: ADD1 = 10.00
#2: ADD2 = 20.00

ADD3#3: = 30.00

Element
Element Name
Wavelength
Bandpass
Lamp Pos.
High Voltage
BKG Method"
Lamp Current
Sign i f Figs
Pr int Units
Pr int Limits
Print Limits

03

Se
Se
196
1.0
2
Manual
SH
norm:
5
ppb

Low : 0
High: 0

Value: 642

4 bkg: 2.0

Stdzn Method: Multipoint Stdn.
Std Names

'Zttl: BlankSTD
#2: 5. OOSTD
**3: 10. OOSTD

A/Ctt4: 50. OOSTD

Std Con
= 0.00
= 5.00
= 10.00
= 50.00

Abs.
= 0.0000
= 0.0102
= 0.0183
= 0.0918

Stdzn Method: Standard Additions
Addn Name Std Addn
tfl: ADD1 = 10.00
#2: ADD2 = 20.00
#3: ADDS = 30.OO



Method: ASSEPDMG Msthod Report Thu 01-23-97 10:52:30 AM page 1

'At om i :: er : Fur n ac e
Matrix: ULTRAPURE WATER

.THOD INFORMATION **

Default Setup:

Number of Repeats : 2
Flush Time (sec) : 8.0
Auto—Increment Sample Names? No

Auto-print Calibration Curves? :
Analysis Graphics Display :
Auto-print Analysis Graphics?' :
Auto-save Analysis Graphics? :

Default File Names:

Analysis Data File : AJANS72
Autosampler Table : AUTOTAB

Yes
Aborbances ?< Temp F'rofi le
No
No

Sample Limits Table : LCTAB
Blank CAZ) Limits Table : BLANKLCT
QC Check Table : DCTAB
Recovery Check Table : RQCTAB

OUTPUT INFORMATION **

riut put Mode: Conc ent r at i on
er r i d e Pr i n t Limits? Yes

override Significant Figures?' No
Limits Table: LCTAB " Check? No
Cor r ec t i on Fact or: 1

Auto—print data?
Condensed report format?
Auto-store data?
Store individual repeats?

Yes
Yes
Yes
Yes

Report to:
Screen
Pr inter

Avgs, Stats, Reps, Checks,
Avgs, Stats, Reps, Checks, Units

Un i t'



Method: ASSEPDMG AP/Elements In for mat Thu 01-23-97 10:52:30 AM

•Elements : As Se

page 2

Mode

iteg Type : Peal:: Area
•jraph Scale: Automatic
Comment : 17.PD/2XMG

: Single E-feam Absorption

Integ Time : 2.2 Sec.

NONPLATFDRM TUBE

Delay Time : 0.6 Sec.

Furnace Information:

Temp
Ramp
Hold
Pur ge

Dry
150

0
Med ium

Integ Stage :
Deposit Time:

El ernent
Element Name
Wavelength
Bandpass
Lamp Pos.
High Voltage
BKG Method
Lamp Current
Sign i f Figs o
Print Units Ppb
Print Limits Low :

int Limits High:

Atom
1 0. 0

As
As
137.20
1 . 0
1
Manual
SH
norm: :

Pyrol F'yro^
900 890
15 1
10 1
Med i urn Low

Air Ash :
Delay Time:

Atom
2200
0
4
Off

Cl ean
2600

High

Off Auto-Baseline Corr.? Yes
12 Auto-Deposit Adjust? No

EC on om i z er ? No

Value: 621

3.4 bkg:

0
0

Stdzn Method: Multipoint Stdn.
Std Names

A/Zttl: BlankSTD
#2 : 5 . 00
#3: 10.00

A/C#4: 50.00
#5: 100.00

Std Cone
= 0 . 00
= 5.00
= 10. 00
= 50 . 00
= 1 Of). OO

Abs.
= 0 . 0000
•=• 0 . 0092
= 0.0 183
- 0 . 094 1
= 0. 1834

Value: 645

4 b k g : 2. 2

Element Se
Element Name Se
Wavelength 196.00
Bandpass 1.0
Lamp F'os. 2
High Voltage Manual
BKG Method" SH
Lamp Current norm: C
S i g n i f F i g s 5
Fr i n t Un i t s p p b
Pr int Limits Low :
F'r int Limits H i g h :

Stdzn Method: Multipoint Stdn.
Std Names

'Zttl: BlankSTD
#2: 5.00
#3: 10.00 •

A/C#4: 50.00

Std Cone
=
=
=
=

0 . 00
5 . 00
10. 00
50 . 00

Abs.
= 0. 0000
- 0 . 0079
= 0.0152
= 0.0770

Stdzn Method: Standard Additions
Addn Name Std Addn
ttl: ADD1 = 10.00
#2: ADD2 = 20.00
#3: ADDS = 30.00

Stdzn Method: Standard Additions
Addn Name Std Addn
ttl: ADD1 = 10.00
«2: ADD2 = 20.00
#3: ADD3 = 30.00



Method: PBTLAF Method Report Wed 02-12-97 09:17:53 AM page 1

Atomizer: Furnace
rix: 1 % HN03 IN DI WATER

METHOD INFORMATION **

Default Setup:

Number of Repeats : 2
Flush Time (sec) : 7.0
Auto-Increment Sample Names? No

Auto-print Calibration Curves? :
Analysis Graphics Display :
Auto-print Analysis Graphics? :
Auto-save Analysis Graphics? :

Default File Names:

Analysis Data File
Autosampler Table

BFEB971
AUTOTAB

Yes
Aborbances & Temp Profile
No
No

Sample Limits Table
Blank (AZ) Limits Table
QC Check Table
Recovery Check Table

LCTAB
BLANKLCT
QCTAB
RQCTAB

f POT INFORMATION **

Output Mode: Concentration
Override Print Limits? Yes
Override Significant Figures? No
Limits Table: LCTAB Check? No
Correction Factor: 1

Auto-print data?
Condensed report format?
Auto-store data?
Store individual repeats?

Yes
Yes
Yes
Yes

Report to:
Screen
Printer

Avgs, Stats, Reps, Checks, Units
Avgs, Stats, Reps, Checks, Units



Method: PBTLAF AP/Elements Informat Wed 02-12-97 09:17:53 AM page 2

Foments : Pb Tl

: Single Beam Absorption

Integ Type : Peak Area
Graph Scale: Automatic

Integ Time : 3.0 Sec. Delay Time : 0.9 Sec.

Comment MODIFIER 10 % NH4(P04)/MATRIX 1 % HN03

Furnace Information:
Dry

Temp 150
Ramp 10
Hold 0
Purge Low

Pyrol
350
10
0
Medium

Pyro2
650
15
5
Medium

Atom
2100
0
3
Off

Clean
2600

3
High

Integ Stage :
Deposit Time:

Atom
8.0

Air Ash : Off Auto-Baseline Corr.? Yes Economizer? No
Delay Time: 10 Auto-Deposit Adjust? No

Element
Element Name
Wavelength
Bandpass
High Voltage
BKG Method
Lamp Current
Signif Figs
F it Units
t _ nt Limits Low :
Print Limits High:

Pb
Pb
283.30
0.50
700
SH
norm: 2.0
5
ppb

0
0

bk.g: 1.5

Stdsn Method: Multipoint Stdn.
Std Names

A/Ztfl: BlankSTD
#2: 3.00
*3: 10.00

A/C#4: 50.00
1*5: 100.00

Std Cone
= 0.00
= 3.00
= 10.00
= 50.00
= 100.00

Abs.
= 0.0000
= 0.0169
= 0.0515
= 0.2496
= 0.4614

Element Tl
Element Name Tl
Wavelength 276.80
Bandpass 0.50
High Voltage 690
BKG Method SH
Lamp Current norm: 2.5 bkg: 2.'
Signif Figs 5
Print Units ppb
Print Limits Low : 0
Print Limits High: 0

Stdsn Method: Multipoint Stdn.
"td

\ .1 :
#2:
»3:

\/C«4:
*5:

Names
BlankSTD
3.00
10.00
50.00
100.00

Std Cone
—
—
-
—
::

0.00
3.00
10.00
50.00
100.00

Abs
= 0
= 0
= 0
= 0
= 0

.0000

.0106

.0354

.1674

.3048

Stdsn Method: Standard Additions
Addn Name Std Addn
ttl: ADD1 = 10.00
#2: ADD2 = 20.00
#3: ADDS = 30.00

Stdsn Method: Standard Additions
Addn Name Std Addn
*1: ADD1 = 10.00
»2: ADD2 . =20.00
#3: ADD3 =30.00
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8.2.3 The following tables are examples of the preparation of the calibration standards. If the
preparation steps in the following tables are not used, the lab must document the "recipe" used to
prepare the standards in the traceability log. These recipes may change as different vendors are
contracted and as more suitable solutions become available.

BNA Intermediate Standard (BNA-200)
STOCK
STANDARD

SVMIX1

SVMTX2

SVMK3

SVMDC4

SVMTX5

SVMIX7

SV CUSTOM

Pyridine

605 BENZIDINE

ACID
SURROGATE

B/N SURROGATE

STOCK CONC
(ug/mL)

2000

2000

2000

2000

2000

2000

2000

5000

2000

10000

5000

uL Stock

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.20

0.50

0.10

0.20

FVOL

5.0mL

Cone
(ug/mL)

200

200

200

200

200

200

200

200

200

200

200

SOP/CIPA/SM05-l-page 1 of 2
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10.1 Instrument Conditions
Instrument conditions may vary according to the sensitivity of each instrument. The following
conditions are provided for guidance. The lab must document the conditions used for the analysis
ofSVOCbyGC/MS.

Recommended Column:
Restek RTX-5MS 30m x 0.25mm ID, 0.5um film thickness or equivalent

Column flow: Approximately ImL/min helium

GC Oven temperatures:
Initial column temperature: 45 C for 3 minutes
Column temperature program: 10C per minute
Final column temperature: 300C (until at least one minute past the elution time of
Benzo(g,h,i) perylene).

GC injector parameters
Injector temperature: 250-280C
Injector: splitless
Inlet purge time : 0.8 minutes
Injector liner: 4mm ID quartz or 4mm glass, deactivated
Sample injection volume : l-2uL

Mass Spectrometer and interface parameters
Mass spectrometer interface: 300C
Mass spectrometer source temperature: Factory Set
Mass range: 35-500amu, with a minimum scan time of 1.0 scans per second

12.0 QUALITY ASSURANCE /QUALITY CONTROL

12.1 The analytical batch consists of up to twenty cb'ent samples and the associated QC items that
are analyzed together. The matrix spike and LCS frequency is defined in AN02: Analytical
Batching. SL SOP AN02 also describes the procedure for evaluating batch-specific QC. The
attached SOP summary and Table 13.1 in the SL Corporate QA Plan provide guidance for
evaluating sample data

Appendix-Example Quantitation Report

Quantification of Di-N-octyl phthalate

Di-N-octyl phthalate will be associated with the Chrysene-dl2 internal standard. The
quantitation report attached to the SOP lists Perylene-dl2 as di-N-octyl phthalate's internal
standard.

SOP/CIPA/SM05-l-page 2 of 2
SAVANNAH LABORATORIES
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Approval //
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SEMI-VOLATILE COMPOUNDS BY GC/MS
(8270C)

1.0 SCOPE AND APPLICATION

1.1 This method can be used to determine the concentration of various semi-volatile organic compounds (SVOC) in groundwater,
TCLP leachates, soils, sediments, waste, and solid sample extracts. The attached quantitation report lists the target
compounds, the retention times of the target compounds, the characteristic ions of the target compounds, and the internal
standard association of each target compound.

1.2 The reporting limit (RL), the method detection limit (MDL), and the accuracy and precision limits for each target compound
is given in Section 5 of the current revisions of the Savannah Laboratories' Comprehensive Quality Assurance Plan and
Corporate Quality Assurance Plan.

2.0 SUMMARY OF METHOD

2.1 A measured volume or weight of sample is extracted using an appropriate extraction procedure. The extract is dried,
concentrated to a volume of l.OmL, and analyzed by GC/MS. Qualitative identification of the target compounds in the extract
is based on the retention time and the mass spectra determined from standards analyzed on the same GC/MS under the same
conditions. Quantitative analysis is performed using the internal standard technique with a single characteristic ion.

~>2 This procedure is based on the guidance provided in SW-846 Method 8270C.

^.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand or that will put
you or others in potentially dangerous situations.

3.2 The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined. Each chemical compound
should be treated as a potential health hazard. Exposure to these chemicals must be reduced to the lowest level possible. Lab
coats, gloves, and lab glasses or face shield should be worn while handling extracts and standards. Standard preparation,
addition of the internal standard solution, and sample extract dilution should be performed in a hood or well ventilated area.

3.2 Material Safety Data Sheets (MSDS) are available to the analyst at each lab division. These sheets specify the type of hazard
that each chemical poses and the procedures that are used to handle these materials safely.

4.0 INTERFERENCES

4.1 Method interferences may be caused by contaminants in solvents, reagents, or glassware. Glassware and/or extraction vessels
that have not been properly cleaned may contribute artifacts that make identification and quantification of the target
compounds difficult. Elevated baselines may be due to oils, greases, or other hydrocarbons that may be extracted from
improperly cleaned glassware or extraction vessels.

4.2 Matrix interferences may be caused by contaminants that are extracted from the sample matrix. The sample may require
cleanup or dilution prior to analysis to reduce or eliminate the interferences. Sample extracts that contain high concentrations
of non-volatile material such as lipids and high molecular weight resins and polymers may require the optional GPC cleanup
prior to analysis. The GPC cleanup is generally not effective in removing non-target material that is associated with common
petroleum products such as diesel or waste oil.
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4.3 Secondary ions may be used for quantification if there is interference with the primary quantitation ion. If a secondary ion is
used for quantification, the concentration/response relationship of the secondary ion must be established. The secondary ion
must meet the same calibration criteria as the primary ion.

3.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

MATRIX

Aqueous

Soil/
sediment

Waste

TCLP

Preservative/
storage

none; 4C +/- 2C

none; 4C +/- 2C

none; 4C +/- 2C

none; 4C +/- 2C

Container

1 -L amber

500-mL

Glass

1-L amber

Sample
Hold Time

7 days

14 days

14 days

7 days from TCLP
leaching procedure

Extract
Hold Time

40 days

40 days

40 days

40 days

6.0 APPARATUS AND MATERIALS

6.1 Gas chromatograph- Hewlett-Packard (HP) 5890 or equivalent with compatible autosampler, splitless injector, and direct
capillary interface

6.2 Mass spectrometer- HP 5970, HP5971, HP5972, or equivalent

6.3 Recommended Capillary column-Restek RTX-5MS, 30m x 0.25mm ID, 0.5um film thickness. Equivalent columns can be
used.

+ Data system- compatible with GC/MS system

6.5 Microsyringes-

6.6 Volumetric flasks, Class A-appropriate volumes

6.7 Analytical balance

6.8 Autosampler vials and crimper, compatible with autosampler

7.0 REAGENTS

7.1 Methylene chloride-pesticide residue grade, for preparation of standards

7.2 Acetone-pesticide residue grade, for preparation of standards

8.0 STANDARDS
The preparation of the calibration standards must be tracked in accordance with SL SOP ANA I-.Standard Material
Traceability. General guidance on the preparation of standards is given in SL SOP AN43:Standard Preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab should prepare standards from
neat materials only if a certified solution is not available. See SL SOP AN43 for guidance for standard preparation from neat
materials.
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8.1 Preparation of the Stocks from Neat Standards

The steps for the preparation of primary stock standards from neat materials are given in SL SOP AN40: Standard
Preparation and Traceability. The standards should be prepared in methylene chloride but may require other solvents to
dissolve the material.

8.2 Preparation the calibration standards from the stock standards

8.2. 1 A minimum of five calibration standards are prepared. The concentrations of the stock standards are in the 1 000- 1 OOOOug/mL
range. The recommended standards are lOug/mL, 40ug/mL, 60ug/mL, 80ug/mL, lOOug/mL, and 125ug/mL. The lowest level
standard should be at the equivalent of the reporting limit and the rest of the standards should define the working range of
the detector. Note that six calibration levels are required for a second order regression curve and seven calibration points are
required for a polynomial regression curve (see SW-846 Method 8000B).

8.2.2 The following equation is used to determine the volume of a stock standard needed to prepare a given volume of a calibration
standard:

Ccal ® VealVs = ——————
Cs

where
Vs = volume of stock standard required to prepare the calibration standard(mL)
Cs = concentration of the stock standard (ug/mL)
Ccal = concentration of the calibration standard to prepare (ug/mL)
Veal = volume of calibration standard to prepare(mL)

EXAMPLE
Prepare 2mL of an 80ug/mL standard from a 2000ug/mL stock standard.

Vs
2000ug/mL

NOTE: A primary concern when preparing calibration standards for BNA analysis is to make sure that all of the standards
will "fit" in the volume of standard that will be prepared. As Table 2 demonstrates, the volumes of the various standards
mixed is very near the capacity of the volumetric flask. Standards can be prepared using syringes to deliver the required
volumes of standard and solvent directly to the storage vial.
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8.2.3 The following tables are examples of the preparation of the calibration standards. If the preparation steps in the following
tables are not used, the lab must document the "recipe" used to prepare the standards in the traceability log. These recipes
may change as different vendors are contracted and as more suitable solutions become available.

riNA Intermediate Standard (BNA-200)
STOCK
STANDARD

SVMEX 1

SVMIX2

SV MIX 3

SV MIX 4

SVMIX5

SV MIX 7

SV CUSTOM

Pyridine

605 BENZIDINE

ACID SURROGATE

B/N SURROGATE

STOCK CONC
(ug/mL)

2000

2000

2000

2000

2000

2000

2000

5000

2000

2000

2000

uL Stock

0.50

0.50

0.50

0.50

0.50

0.50

0.50

0.20

0.50

0.50

0.50

FVOL

5.0mL

Cone
(ug/mL)

200

200

200

200

200

200

200

200

200

200

200

BNA Calibration Standards
CAL
STANDARD
BNA-1
BNA-2
BNA-3
BNA-4
BNA-5
BNA-6

STOCK

BNA-200
BNA-200
BNA-200
BNA-200
BNA-200
BNA-200

CONC
(ug/mL)

200
200

, _ 200
200
200
200

uL
Stock

50
200
350
400
500
625

FVOL

1.0
1.0
1.0
1.0
1.0
1.0

Cone*

10
40
60
80
100
125

* After the standards are prepared, 20uL of the 2000ug/mL internal standard solution are added to each calibration standard.

APPENDIX IX (AP9) Intermediate Standard

STANDARD

Custom Mix 1

Custom Mix 2

Custom Mix3

Custom Mix 4

Custom Mix 5

Aramite

CONC
(ug/mL)

2000

2000

2000

2000

2000

500

AP9-200

100

10

100

100

100

400
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AP9 Calibration Standards
~AL

TANDARD
AP9-1
AP9-2
AP9-3
AP9-4
AP9-5
AP9-6

Stock

AP9-200
AP9-200
AP9-200
AP9-200
AP9-200
AP9-200

CONC
(ug/mL)

200
200
200
200
200
200

uL
Stock

50
200
300
400
500
625

FVOL

1.0
1.0
1.0
1.0
1.0
1.0

Cone*

10
40
60
80
100
125

* After the standards are prepared, 20uL of the 2000ug/mL interanl standard solution are added to each calibration standard.

GC/MS Tuning and Column Evaluation Standard

STOCK
STANDARD

SV Tuning Compound (DFTPP)

Pentachlorophenol

p,p'-DDT

605 Benzidines

SV ISTD(optional )

CONC
(ug/mL)

2500

2000

2000

2000

2000

uL of stock to 1 .OmL
Methylene Chloride

20

25

25

25

20

ug/mL

50

50*

50

50**

40
*RL standard level **below routine RL

x.O SAMPLE PREPARATION

9.1 The sample extraction procedures are given in the following SOPs:

Matrix

Aqueous, TCLP leachates

Aqueous, TCLP leachates

Soils/Sediments

Wastes

SOP Number

EX30

EX35

EX40

EX42

Extraction Technique

Continuous Liquid-liquid
Extraction

Separatory Funnel

Sonication

Waste dilution

9.2 The sample concentration procedures are given in SL SOP EX 50: Zymark Nitrogen Concentration.

9.3 Gel permeation chromatography (GPC-SL SOP EX61) may help to eliminate or minimize matrix interferences in a limited
number of samples. The GPC cleanup is generally not effective on samples containing petroleum products.
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10.0 PROCEDURE

10.1 Instrument Conditions
Instrument conditions may vary according to the sensitivity of each instrument. The following conditions are provided for
guidance. The lab must document the conditions used for the analysis of SVOC by GC/MS.

Recommended Column:
Restek RTX-5MS 30m x 0.25mm ID, O.Sum film thickness or equivalent

Column flow: Approximately ImL/min helium

GC Oven temperatures:
Initial column temperature: 45 C for 3 minutes
Column temperature program : 1OC per minute
Final column temperature: 300C ( until at least one minute past the elution time of Benzo(g,h,i) perylene).

GC injector parameters
Injector temperature : 250-260°C
Injector: splitless
Inlet purge time : 0.8 minutes
Injector liner : 4mm ID quartz or 4mm glass, deactivated
Sample injection volume : l-2uL

Mass Spectrometer and interface parameters
Mass spectrometer interface: 300C
Mass spectrometer source temperature: Factory Set
Mass range: 35-500amu, with a scan time of 1.0 scans per second or greater

10.2 Calibration

A minimum of five calibration standards are prepared The concentrations of the stock standards are in the 1000-1 OOOOug/mL
range. The recommended standards are lOug/mL, 40ug/mL, 60ug/mL, 80ug/mL, lOOug/mL, and 125ug/mL. The lowest level
standard should be at the equivalent of the reporting limit and the rest of the standards should define the working range of
the detector. Note that six calibration levels are required for a second order regression curve and seven calibration points are
required for a polynomial regression curve (see SW-846 Method 8000B).

The GC/MS system will be calibrated by the analysis of a minimum of five calibration standards with the following
exception: target compounds that have reporting limits at 50ug/L (1700ug/kg) or above. These target compounds are
generally nitro-substituted compounds with low sensitivities and erratic chromatographic behavior. The reasons for analyzing
and evaluating fewer than five calibration standard for these compounds include:

1) the standard mixes contain all of the target compounds at the same concentrations
2) the sensitivities of these compounds are low
3) the sensitivities of the remaining target compounds are much higher. The difference between the sensitivities is such

that a GC/MS system cannot easily or routinely be adjusted to allow for the detection of all of the target compounds
in the BNA list at all five calibration levels

4) a standard at the RL is routinely analyzed and evaluated for these compounds and all positive hits for these
compounds must fall within the limited range of detection.

Note: If the calbration points indicated above are used, it should be possible to analyze a minimum of 5 points for almost all
compounds.

10.2.1 Fifty nanograms of DFTPP must be analyzed at the beginning of each 12 hour clock as a check on the "tune" of the mass
spectrometer. Meeting the tuning criteria demonstrates that the instrument is measuring the proper masses in the proper
ratios. The DFTPP analysis takes place under the same instrument conditions as the calibration standards and samples except
that a different temperature program can be used to allow for the timely elution of DFTPP. All other instrument conditions
must be identical-the mass range, scan rate, and multiplier voltage.
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10.2.1.1 Prepare a 50ng/uL solution of DFTPP column evaluation standard

10.2.1.2 Analyze a luL aliquot of the 50ng/uL DFTPP/column evaluation solution.

10.2.1.3 Evaluate the DFTPP peak.

-The chromatogram should exhibit acceptable baseline behavior and the DFTPP peak should be symmetrical.

-The spectrum of the DFTPP must meet the criteria listed in the SOP Summary. Background subtraction must be
straightforward and designed only to eliminate column bleed or instrumental background. Scans +/- 2 scans from the apex can
be evaluated for the DFTPP criteria. Consecutive scans within this range may be averaged to meet the criteria.

-The following records must be kept for each DFTPP analysis that meets the criteria:
- the date, time, and data file of the analysis
- a spectrum of the scan or enhanced scans
- a tabulation of the ion abundances of the scan or enhanced scans

NOTE: The DFTPP analysis should be evaluated as to the relative size of the DFTPP peak under the m/z 198 profile. A
benchmark area window should be established for each instrument and data system. Area outside of this window suggests
instrumental problems such as a bad injection, clogged autosampler syringe, leaking injector, reduced or elevated detector
sensitivity, improper electron multiplier voltage selection, wrong tune method or tune file selected for this analysis, PFTBA
valve left open , etc.

If the DFTPP fails to meet the criteria, the instrument may require tuning (manually or automatically with PFTBA).
Depending on the nature of the results from the DFTPP analysis, other corrective measures may include remaking the DFTPP
standard, cleaning the mass spectrometer source, etc.

10.2.1.4 Benzidine and pentachlorophenol should be present at their normal responses with no peak tailing visible. This is a good
check on the system: if pentachlorophenol (a CCC) does not respond well, the calibration standard should not be analyzed.
Perform injector port and column maintenance and reanalyze the rune/column evaluation standard.

The p,p'- DDT breakdown is calculated using the following equation. The percent breakdown should not exceed 20%.

.._ . , (areaDDE + areaDDD)%Breakdown = ———•——————————'-——— xlOO
(areaDDT + areaDDE + areaDDD)

Areas from the total ion chromatogram are evaluated to determine the DDT breakdown.

10.2.2 After the DFTPP criteria has been met, the initial calibration standards are analyzed

10.2.2.1 Prepare the initial calibration standards. The lowest calibration standard should be at the RL and the rest of the standards will
define the working range. See section 8.2.1 for guidance regarding calibration levels.

10.2.2.2 Set up a sequence and analyze the calibration standards. The injection volume must be the same for the calibration standards
and all sample extracts.

10.2.3 Identify the internal standards, surrogates, and the target compounds. The data system must be updated with the proper
retention times and ion data.
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10.2.4 The relative response factor for each compound is calculated using the data system or using a PC spreadsheet as follows:

where
Ax = area of the characteristic ion for the compound being measured
Ais = area of the characteristic ion for the internal standard associated with the compound being measured

(See the attached quantitation report for a list of the compounds that are associated with the correct internal
standard)

Cx = concentration of the compound being measured (ug/mL)
Cis = concentration of the internal standard (40ug/mL)

Secondary ions may be used for quantification if there is interference with the primary quantitation ion. If a secondary ion is
used for quantification, the concentration/response relationship of the secondary ion must be established. The secondary ion
must meet the same calibration criteria as the primary ion.

10.2.5 The average relative response factor (RRFlvg) is calculated for each target compound and each surrogate compound:

_ RRF1 + RRF2 + RRF3.... + RRFn
RRF ovg n

RRF1 = relative response factor of the first standard
RRFn = relative response factor of the last standard
n = number of calibration standards

NOTE: As noted earlier, some target compounds may have fewer than five calibration standard levels. See section 8.2. 1 and
10.2.

10.2.6 Calculate the standard deviation (SD) for the initial calibration standards:

n\

i-l n- 1

10.2.7 Calculate the relative standard deviation (%RSD) of the target compounds in the calibration standards.

en
%RSD= xlOO

RRFavg

The initial calibration is evaluated specifically for the calibration check compounds (CCC) and the system performance check
compounds (SPCC). The CCC and SPCC criteria are given in the SOP Summary. The %RSD criteria for CCC and minimum
RRF for SPCC must be met before the analysis of sample extracts can begin.
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If CCC and/or SPCC do not meet the stated criteria, all targets that are reported must meet the CCC criteria. For example, if
naphthalene is the only target to be reported, it can be reported if 1) the CCC and SPCC pass; OR 2) naphthalene passes the
CCC criteria (other targets are not evaluated or reported).

Calibration Status*

CCC/SPCC pass criteria

CCC or SPCC fail

Action

calibration passes; all targets can be reported

calibration fails; any targets that are from this
sequence can be reported if the CCC criteria is
for that particular compound

met

If the initial calibration criteria are not met, action must be taken to bring the analytical system into compliance with the
criteria. This action may include injection port maintenance, source cleaning, changing the column, or replacement of
injection port lines and assembly. In any case, if the criteria are not met, the initial calibration must be repeated. The analyst
must be aware of the 12-hour clock for the DFTPP analysis. The DFTPP criteria must be met prior to the analysis of the
calibration standards.

10.2.8 After the initial calibration criteria (CCC/SPCC) have been met, each target is evaluated for linearity.

If the %RSD of the target compound is less than or equal to 15%, the average response factor can be used for
quantitation of samples.

If the %RSD of the target compound is greater than 15%, a calibration curve (linear, quadratic, etc) must be used for
the quantitation of samples. A calibration curve may also be used for the compounds that have %RSD less than
15%

10.2.9 The results can be used to plot a calibration curve of response ratios-Ax/Ais is plotted on the y-axis; Cx/Cis is plotted on the
x-axis where

Ax = area of the characteristic ion for the compound being measured
Ais = area of the characteristic ion for the internal standard associated with the compound being measured (See Table 5 for

a list of the compounds that are associated with the correct internal standard)
Cx = concentration of the compound being measured (ug/L)
Cis = concentration of the internal standard (50ug/L)

The initial calibration must be evaluated for the CCC and SPCC criteria even though the calibration curve may be
used for quantitation.

The minimum number of calibration standards required for a regression curve are given in the following table:

TYPE OF CURVE
Linear (first order)
Quadratic (second order)
Polynomial (third)

Minimum Number of Calibration Points
5
6
7
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10.3 Samples are analyzed only after the DFTPP criteria and the calibration acceptance criteria have been met. The analytical
system must be evaluated every 12 hours by the analysis and evaluation of the DFTPP and a mid-level calibration
standard(usually the 80ng standard).

ANALYSIS SEQUENCE

INITIAL CALIBRATION

DFTPP 50ng on column
Pentachlorophenol, benzidine, p,p'-DDT
added for column evaluation
Clock starts at injection

Calibration standards-
minimum of five cal levels

Samples analyzed until the 12-hour clock
expires

CONTINUING CALIBRATION

DFTPP 50ng on column
Pentachlorophenol, benzidine, p,p'-DDT added for
column evaluation
Clock starts at injection

Mid point calibration verification
(50ug/mL or 80ug/mL)
Optional RL: Standard-low point on cal curve

Samples analyzed until 12-hour clock expires

10.3.1 The percent difference or percent drift between the continuing calibration RRF and the average relative response factor
(RRFavg) is calculated for each target compound and each surrogate compound:

%difference = RRF-RRFavg
RRFavg

0100

where
RRF = relative response factor from CCV
RRFavg = average relative response factor from initial calibration curve

%drift = Ccurve - Ct
Ct

<8>100

where
Ccurve = concentration from curve(ug/mL)
Ct = true concentration of CCV

The continuing calibration is evaluated specifically for the calibration check compounds (CCC) and the system performance
check compounds (SPCC). The CCC and SPCC criteria are given in the SOP summary. The %D (Drift)criteria for CCC and
minimum RRF for SPCCs must be met before the analysis of sample extracts can begin.

If the continuing calibration criteria are not met, action must taken to bring the analytical system into compliance with the
criteria. This action may include injection port maintenance, source cleaning, changing the column, or replacement of
injection port lines and assembly. In any case, if the criteria are not met, the analysis of the continuing calibration standard
must be repeated. The analyst must be aware of the 12-hour clock for the DFTPP analysis. The DFTPP criteria must be met
prior to the analysis of the calibration standards. If the continuing calibration standard repeatedly fails the CCC and SPCC
criteria, the initial calibration curve must be reanalyzed and reevaluated.

The initial calibration must be evaluated for the CCC and SPCC criteria even though the calibration curve may be
used for quantitation.
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10.3.2 Remove the sample extracts to be analyzed from the refrigerator and allow the sample to come to ambient temperature.

10.3.3 Add 20-uL of the internal standard mix (2000ng/uL) to each 1-mL aliquot of the sample extract. The concentration of the
internal standard in the extract is 40ng/uL.

10.3.4 Mix the contents of the autosampler vial by inverting several times.

10.3.5 Determine the concentration of the samples and QC items using the procedures of Section 11. If the concentration of a
sample is above the highest calibration standard, the sample must be diluted and reanalyzed.

10.3.6 The dilution factor is calculated by dividing the volume of sample extract in microliters into 1000. For example, if lOOuL
of a sample extract is diluted to final volume of l.OmL, the dilution factor is 10. ( 1000/100 = 10 ). The following table gives
some dilution factors:

Dilution Preparation

uL extract- Vext

1000

500

200

100

50

20

uLMeC12

0

500

800

900

950

980

volume of dilution
(Vdil-uL)

1000

1000

1000

1000

1000

1000

uLISTD
(2000ug/mL)-Vistd

20

10*

16*

18*

19*

20*

DF

1

2

5

10

20

50
ssumes dilution of a l.OmL extract or ImL aliquot of an extract that has been spiked with the internal standard at 40ug/mL using

of a 2000ug/mL internal standard solution

The concentration of internal standards must remain constant for all extracts and extract dilutions at 40ug/mL. The following equation
can be used to determine the volume of the 2000ug/mL internal standard solution to add to an extract when a dilution is prepared from
an extract that has already been spiked with the interanl standard solution:

( Vext ^Vistd(uQ = 2QuL-\ —— ® 20w7
V Vdil )

Vistd = volume of 2000ug/mL internal standard to add to the diluted extract (uL)
Vext = volume of extract used to prepare the dilution (uL)
Vdil = final volume of the dilution (uL)-lOOOuL (l.OmL)
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11.0 DATA ANALYSIS/CALCULATIONS

11.1 Qualitative Analysis

.1.1.1 Target Compounds

A target compound is identified by the visual comparison of the sample mass spectrum with the mass spectrum of the target
compound from the daily calibration standard or a reference spectrum of the target compound stored in a library generated on
the same instrument or a standard spectral library such as the NIST/NBS.

11.1.1.1 Two criteria must be met in order to positively identify a compound.

1) elution of the sample component within +/-0.06 RRT (relative retention time) units of the daily standard containing
that compound.

D D T - retention time of the target compoundKKl — •
retention time of the associated internal standard

2) correspondence of the target compound spectrum and the standard component mass spectrum

11.1.1.2 All ions present in the standard component mass spectrum at a relative intensity greater than 10% (most abundant ion =
100%) should be present in the sample component mass spectrum. Other ions may be present in the sample component.
Coelution of a non-target compound with a target compound will make the identification of the target compound more
difficult. Ions due to the non-target compound should be subtracted from the sample component spectrum as part of the
background to account for the discrepancy between the sample spectrum and the standard spectrum.

11.1.1.3 The relative intensities of the ions present in the sample component spectrum should agree within +/- 30% of the relative
intensities of the ions in the standard reference spectrum. For example, an ion with an abundance of 50% in the reference
spectrum should have a corresponding abundance between 20% and 80% in the sample component spectrum.

11.1.1.4 If the above criteria are not met exactly, the analyst should seek help from a senior analyst or supervisor. If there is sufficient
evidence to support the identification of the component, then the component is identified, quantified, and reported.

11.1.2 Tentatively Identified Compounds

For samples containing components not associated with the calibration standards, a library search on a reference library, such
as the NIST/NBS, may be conducted in order to identify the non-target compounds. Only after visual comparison between the
sample spectra and the library-generated reference spectra will the mass spectral analyst assign tentative identification..

11.1.2.1 Relative intensities of the major ions (masses) in the reference spectra (ions > 10% of the most abundant ion) should be
present in the sample spectrum.

11.1.2.2 The relative intensities of the major ions should agree within +/-30%.

11.1.2.3 Molecular ions present in the spectrum should be present in the sample spectrum.

11.1.2.4 Ions present in the sample spectrum, but not in the reference spectrum, should be reviewed for possible subtraction from the
sample spectrum because of over-lapping or co-eluting peaks.

11.1.2.5 Ions present in the reference spectrum, but not in the sample spectrum, should be reviewed for possible subtraction from the
sample spectrum because of coeluting peaks.

11.1.2.6 If, in the opinion of the analyst, there is enough evidence to support the tentative identification of a compound even though
the above criteria is not met exactly, the peak may be considered tentatively identified. The analyst should consult senior
analysts or the mass spectral interpretation specialist if there are any questions concerning an interpretation of spectra.
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1 1.1.2.7 The estimated concentration of the tentatively identified compound (TIC) is calculated using the total ion area of the
tentatively identified peak and total ion area of the nearest internal standard that has no interferences. The calculations assume
that the same volume is injected for standards and samples.

Aqueous

TIC(ug/L) = Cis
AREAis

AREAtic F— ®DF
V

where
Cis = concentration of the internal standard (ug/mL)
AREAis = total ion peak area of the internal standard
AREAtic= total ion peak area of the TIC
F= final volume of extract (mL)
V = volume of sample extract (L)
DF = dilution factor

Soils

TIC (ug/kg,dw) = Cis
AREAis

• ® AREAtic ® • F
(W) (solids)

•®DF

where
Cis = concentration of the internal standard, ug/mL
AREAis = total ion peak area of the internal standard
AREAtic= total ion peak area of the TIC
F = final volume of extract mL
W= weight of sample analyzed (kg)
solids = decimal equivalent of percent solids
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1 1 .2 Calculations for Samples-Internal Standard Technique
These calculations assume that the same volume is injected for standards and samples.

1.2.1 Aqueous Samples

1 1.2.1.1 If the relative response factor is used, the calculation for samples is :

Ax Cis Fconcentration(ug/L) = —— ® ———— <8> — <8> DF6 Ais RRFavg V

where
Ax = area of the characteristic ion of the compound being measured
Ais = area of the characteristic ion of the internal standard
Cis = concentration of the internal standard (ug/mL)
RRFavg = average response factor of the compound being measured
F= final volume of extract (mL)
V = volume of sample extracted (L)
DF = dilution factor

1 1.2.1.2 If a regression curve is used, the concentration is given:

p
concentration(ug/L) = Ccurve ® — <B> DF

where
CCUT« = concentration from curve (ug/mL)
F = final volume of extract (mL)
V = volume of sample extracted (L)
DF = dilution factor

1 1 .2. 1 .3 The reporting limit (RL) for each sample is given:

RL(ug/L) =
Fqap V

where
F= final volume of extract (mL)
Fqap = 1 .OmL
Vqap= l.OL
V = volume of sample extracted
DF = dilution factor. The SL CQAP Table 5 RL(RLqap) assumes a DF of 1 .

NOTE: If V = SOOmL to 1200mL, assume that Vqap/ V = 1 in the calculation of the reporting limit.
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11.2.2 Soils

11.2.2.1 If the relative response factor is used, the calculation for samples is:
Ax Cis Fconcentration(ug/kg,dw) = ——® ———— <8>—————® DF
Ais RRFavg (W)(solids)

where
Ax = area of the characteristic ion of the compound being measured
Ais = area of the characteristic ion of the internal standard
Cis = concentration of the internal standard (ug/mL)
RRFavg = average response factor of the compound being measured
F= final volume of extract (mL)
W= weight of sample extracted (kg)
solids = (percent solids)/100
DF = dilution factor

11.2.2.2 If the regression curve is used, the concentration is given:

Fconc(ug/kg, dw) = Ccurve <S> —————— <8> DF
(W) (solids)

where
Ccurve = concentration from curve(ug/mL)
W = weight of sample extracted (kg)
F = final volume of extract (mL)
solids = (percent solids)/l 00)
DF = dilution factor

2.2.3 The reporting limit (RL) for each sample is given:

RL = RLqap®-?—® Wq°P ® DF
Fqap (W)(solids)

where
F= final volume of extract (mL)
W = weight of sample extracted (kg)
solids = (percent solids)/! 00

The SL CQAP assumes Wqap = 30g, solids = 1, Fqap = l.OmL, and DF = 1.
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11.3 The concentration of SVOC in the lab control and matrix spike samples is determined as in Section 11.1. The concentration is
compared to the theoretical spike concentration and the percent recovery is calculated.

1.3.1 The theoretical or true value for a spiked sample is calculated using the following equation:

amount of compound addedconcentration = ———————-——-—————————
volume / -weight of sample extracted

For liquid samples, this equation expands to:

. , .... Cspike <8> Vspikeconcentratwn(ug/L) = —-———-—
Vsample

where
Cspike = concentration of the spiking solution (ug/mL)
Vspike = volume of spiking solution added to the sample (mL)
Vsample = volume of sample spiked (L)

For soil and solid samples, the equation expands to:
. , .... Cspike® Vspikeconcentration(ug/L) =

Wsample ® solids
where
Cspike = concentration of the spiking solution (ug/mL)
Vspike = volume of spiking solution added to the sample (mL)
Wsample = weight of sample spiked (kg)
solids = (percent solids)/! 00

1 1.3.2 The percent recovery of the target analytes in the matrix spike sample and lab control samples is calculated:

%recovery (%REC) = (Cms~Cs)
 x ]QO

Ts

where
Cms = concentration of the spiked sample (MS/MSD or LCS/LCSD)
Cs = concentration of the unspiked sample
Ts = theoretical concentration of the spike

1 1 .3.3 The matrix spike sample is analyzed in duplicate(MS/MSD). The relative percent difference (%RPD), a measure of precision,
is calculated for the MS/MSD pair as follows:

KRPD-l (%REC(MS) + (%REC(MSD))/2

The absolute value of the %RPD is evaluated and reported; that is, only positive values are reported. If the MS/MSD cannot
be performed, LCS/LCSD is analyzed and evaluated.

12.0 QUALITY ASSURANCE /QUALITY CONTROL

12. 1 The analytical batch consists of up to twenty client samples and the associated QC items that are analyzed together. The
matrix spike and LCS frequency is defined in AN02: Analytical Batching. Note that the method blank for liquid samples and
low level soils is clock-specific and that the method blank for medium level soil samples is batch-specific
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SL-SOP AN02: Analytical Batching describes the procedure for evaluating batch-specific QC. The attached SOP summary
and Table 13.1 in the SL Corporate QA Plan provide guidance for evaluating sample data.

2.2 Initial Demonstration of Capability (IDOC ) to Generate Acceptable Accuracy and Precision

Each analyst must demonstrate competence in the analysis of samples by this procedure. The minimum criteria for this
demonstration are the preparation and analysis of spiked reagent water. The criteria for IDOC accuracy and precision are
given in the SW-846 Method 8270.

12.3 Method Detection Limit

The method detection limit is determined by each lab annually in accordance with SL SOP CA90:Procedurefor
Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

Preventive maintenance items will be added at a later date. See Section 10 of the current SL Quality Assurance Plan.

14.0 TROUBLE-SHOOTING

Trouble-shooting items will be added at a later time.

15.0 REFERENCES

15.1 Savannah Laboratories' Comprehensive Quality Assurance Plan and Savannah Laboratories' Corporate Quality Assurance
Plan, current revisions.

15.2 Method S27QC:Test Methods for Evaluating Solid Wastes, Third Edition, SW-846, U.S. EPA Office of Solid Waste and
Emergency Response: Washington, DC.
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8270 SOP SUMMARY

OLD TIMES

MATRIX

Aqueous
Soil/
sediment

Waste

TCLP

Preservative/
storage

none; 4C

none; 4C

none; 4C

none; 4C

Routine
Container

1 -L amber

500-mL

Glass

1 -L amber

Sample
Hold Time

7 days

14 days

14 davs

7 days

Extract
Hold Time

40 davs

40 days

40 days

40 days

ANALYSIS SEQUENCE

INITIAL CALIBRATION

DFTPP 50ng on column
Pentachlorophenol, benzidine, p,p'-DDT added for
column evaluation
Clock starts at injection

Calibration standards-
minimum of five cal levels

amples analyzed until the 12-hour clock expires

CONTINUING CALIBRATION

DFTPP 50ng on column
Pentachlorophenol, benzidine, p,p'-DDT added
column evaluation
Clock starts at injection

Mid point calibration verification
(50ug/mL or 80ug/mL)
RL Standard (lowest point on calibration curve
required by client or state-specific QAP)

for

if

Samples analyzed until 12-hour clock expires

DFTPP CRITERIA

m/z
51
68
70
127
197
198
199
275
365
441
442
443

Ion Abundance Criteria
30-60% of mass 198
<2% of mass 69
<2%ofmass69
40-60% of mass 198
<1.0%ofmass 198
Base peak, 100% relative abundance
5 -9% of mass 198
10-30% of mass 198
>l%ofmass 198
Present but less than mass443
>40%ofmass 198
17-23% of mass 442

SM05-Pagel8of22
SAVANNAH LABORATORIES
* fNVIROHMfNTtL SIKVtCtS. INC.



SM05:12.19.97:5

ANALYTICAL BATCH

SEE SL SOP AN02.

-ALIBRATION ACCEPTANCE CRITERIA

Calibration Check Compounds - CCC
Phenol, 1,4-Dichlorobenzene, 2-Nitrophenol, 2,4-Dichlorophenol, Hexachlorobutadiene, 4-Chloro-3-methylphenol, 2,4,6-
Trichlorophenol, Acenapthene, N-Nitrosodiphenylamine, Pentachlorophenol, Fluoranthene, Di-n-octylphthalate, Benzo(a) pyrene

System Performance Check Compounds-SPCC
N-Nitrosodi-n-propylamine, Hexachlorocyclopentadiene,
2,4-Dinitrophenol, 4-Nitrophenol

Initial Calibration

CCC: <= 30% RSD

SPCC: RRFavg >= 0.050

Continuing Calibration*

CCC: <= 20% difference

SPCC: RRF>= 0.050

from initial calibration

*If CCC and/or SPCC do not meet the stated criteria, all targets that are reported must meet the CCC criteria.

NOTE: The CCC and SPCC criteria must be met even if the calibration curve option is used for quantitation. If the CCC and
SPCC criteria do not pass, a new calibration curve must be prepared and analyzed.

The results for all target compounds are evaluated for linearity. If the %RSD is less than 15%, the calibration is assumed linear
through the origin and the average response factor can be used for quantitation. If the average response factor for the target
exceeds 15% (including any CCC), the analyst must use the calibration curve option.

NOTE: The lab has the option of using a calibration curve for all analytes. This is the recommended course of action-especially
for data systems that cannot automatically calculate the relative response factors or when choosing calibration options compound
by compound will be time consuming.

A linear, quadratic, or higher order regression fit may be used to define the concentration/response relationship. If the
correlation coefficient of the linear regression curve or the coefficient of determination of a higher order fit is greater than
0.99, the curve can be used to quantify samples. The analyst must ensure that the type of regression curve selected accurately
defines the concentration/response relationship over the entire calibration range. The minimum number of calibration
standards required for a regression curve are given in the following table:

Type of curve
Linear (first order)
Quadratic (second order)
Polynomial(third)

Minimum Number of Calibration Points
5
6
7
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QC Item Frequency Acceptance Criteria Corrective Action

Tune/Column Evaluation Standard
DFTPP 50ng

Pentachlorophenol - 50ng
Benzidine - 50ng
p,p'-DDT 50ng

Prior to analysis of calibration standards
every 12 hours

DFTPP - within criteria -Evaluate alternative scans
-Reanalyze and evaluate
-Retune and reanalyze
-Clean source, retune, reanalyze

Pentachlorophenol and benzidine - present
at usual response with no peak tailing
visible
p,p'-DDT - %breakdown <20%

-Reanalyze
-Perform injector port maintenance and
reanalyze
-Cut more than usual length of column
and reanalyze
-Replace column

Initial Calibration After Tune Check and when calibration
verification standard fails acceptance
criteria. All initial calibration standards

CCC: %RSD < 30%
SPCC: RRFavg > 0.050
Used cal curve for quantitation if %RSD
for any target compound exceeds 15%

-Reanalyze standard(s)
-Prepare new standard(s) and reanalyze
-Perform injector port maintenance and
reanalyze standards
-Retune and reanalyze standards
-Replace column and reanalyze
standards
-Clean source and reanalyze standards

Continuing Calibration
Verification

After tune check; every 12 hours prior to
analysis of samples

CCC: %Difference <= 20%
Or%Drift<=20%

SPCC: RRF >= 0.050

-Reanalyze standard
-Prepare new standard and reanalyze
-Recalibrate

Internal Standard Areas Evaluate all standards and samples

01
;s
|I

Areas in continuing calibration verification
must be 50% to +200% of previous
midlevel standard
Areas in samples should be evaluated for
gross error. Consult superior

-Evaluate chromatogram, spectra, and
integrations
-Reanalyze extract
-Perform instrument maintenance and
reanalyze extract
-Re-extract and reanalyze if sufficient
sample available
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QC Item Frequency Acceptance Criteria Corrective Action

Surrogate recovery Evaluate for all samples and QC items if
extract is not diluted OR
If diluted, where >RL

Within Section 5 QAP limits; one
acid/one base may be outside of criteria

-Evaluate chromatogram, spectra, and
integrations
-Reanalyze extract(s)
-Re-extract and reanalyze if sufficient
sample available

Method Blank Per batch All targets < RL in Section 5 Table of
QAP

-Evaluate chromatogram, spectra, and
integrations
-Reanalyze extract
-Follow guidance in SL SOP AN02 and
SL QAP Table 13.1

Lab Control Standard (LCS) -
QAP subset

See AN02 All spiked targets within the accuracy
criteria in Section 5 Table of QAP

-Evaluate chromatogram, spectra, and
integrations
-Reanalyze extract
-Follow guidance in SL SOP AN02 and
SL QAP Table 13.1

Matrix spike (MS)
Matrix spike duplicate (MSD)

Per batch if sufficient sample
volume/weight supplied
See AN02

All targets within the accuracy and
precision criteria in Section 5 Table of
QAP

-Evaluate chromatogram, spectra, and
integrations
-Reanalyze extract
-Follow guidance in SL SOP AN02 and
SL QAP Table 13.1

RL Standard (reporting limit) Daily (optional)-lowest point on
calibration curve if required by client or
state-specific QAP

Detected at reasonable sensitivity -Evaluate integrations and spectra; -
Reanalyze
-Prepare new standard and reanalyze

Initial Demonstration of Capability
(IDOC)

Per analyst Accuracy and precision within method
specified criteria

-Evaluate data
-Reanalyze extracts if warranted
-Re-extract and reanalyze for targets that
fail criteria

Method Detection Limit (MDL) See CA90 Evaluate according to SL SOP CA90 Evaluate according to SL SOP CA90

I
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SM05 APPENDIX- EXAMPLE QUANTITATION REPORT
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Report Date : 30-Dec-1996 15:00 Page 1

SAVANNAH LABORATORIES

Method file :
Quant Method :
Last Update :
Data Type :

Global Integrator
Chromat Events

COMPOUND LISTING

/chem/SM/MSF5970.i/f-b8270-m:m
ISTD
04-Dec-96 14:43:5
MS DATA

HP RTE

Initial:Thresh Units
Initial:Area Thresh
Initial:Max Peaks
Initial:Bunching
Initial:Smoothing
Initial:Start Thresh
Initial:Stop Thresh
Initial:Baseline Reset
Initial:Set Valley

Target Version : 3.12
Number of Cpnds : 91

Values

0.000000
100.000000
100.000000
4.000000
0.000000
0.155000
0.000000
5.000000
100.000000

Compound

* 1 l,4-Dichlorobenzene-d4

2 1,4-Dioxane

3 Pyridine

4 N-Nitrosodimethylamine

$ 5 2-Fluorophenol

$ 6 Phenol -d5

7 Aniline

8 Phenol

9 Bis (2-chloroethyl) ether

RT

8.044
8.044
8.044
1.946
1.946
1.946
2.528
2.528
2.528
2.609
2.609
5.194
5.194
7.409
7.409
7.349
7.349
7.442
7.442
7.561
7.561
7.561

RT Window

7.561-8.527
7.561-8.527
7.561-8.527
1.463-2.429
1.463-2.429
1.463-2.429
2.045-3.011
2.045-3.011
2.045-3.011
2.126-3.092
2.126-3 .092
4.711-5.677
4.711-5.677
6.926-7.892
6.926-7.892
6.866-7.832
6.866-7.832
6.959-7.924
6.959-7.924
7.078-8.044
7.078-8.044
7.078-8.044

RF

863.105C
0.000
0.000
0.400
0.000
0.000
1.481
0.000
0.000
1.054
0.000
1.373
0.000
1.801
0.000
1.830
0.000
2.009
0.000
1.716
D.,000
0.000

Mass

^152. 10.
150.10
115.10
88.00
58.00
45.00
79.00
52.00
51.00
42.00
74.00
112.00
64.00
99110
71.10
93.10
66.00
94 .10
66.10
93.00
63 .00
95.00
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Method file

SAVANNAH LABORATORIES

COMPOUND LISTING

: /chem/SM/MSF5970.i/f-b8270-m.m

Compound

10 2-Chlorophenol

11 1,3 -Dichlorobenzene

12 1 , 4 -Dichlorobenzene

13 Benzyl Alcohol

14 1, 2 -Dichlorobenzene

15 2-Methylphenol

16 bis (2 -Chloroisopropyl) ethe

17 N-Nitroso-di-n-propylamine

18 3&4-Methylphenol

19 Hexachloroe thane

* 20 Naphthalene-d8

$ 21 Nitrobenzene-d5

22 Nitrobenzene

23 Isophorone

RT

7.594
7.594
7.594
7.898
7.898
7.898
8.088
8.088
8.088
8.490
8.490
8.419
8.419
•8.419
8.815
8.815
8.815
8.815
8.799
8.799
8.799
9.152
9.152
9.152
9.152
9.217
9.217
9.217
9.201
9.201
9.201
11.101
11.101
9.402
9.402
9.402
9.456
9.456
9.456
10.085
10.085
10.085

RT Window

7.111-8.076
7.111-8.076
7.111-8.076
7.415-8.380
7.415-8.380
7.415-8.380
7.605-8.570
7.605-8.570
7.605-8.570
8.007-8.973
8.007-8.973
7.936-8.901
7.936-8.901
7.936-8.901
8.332-9.297
8.332-9.297
8.332-9.297
8.332-9.297
8.316-9.282
8.316-9.282
8.316-9.282
8.669-9.635
8.669-9.635
8.669-9.635
8.669-9.635
8.734-9.699
8.734-9.699
8.734-9.699
8.718-9.683
8.718-9.683
8.718-9.683
10.435-11.767
10.435-11.767
8.736-10.068
8.736-10.068
8.736-10.068
8.790-10.122
8.790-10.122
8.790-10.122
9.419-10.751
9.419-10.751
9.419-10.751

RF

1,489
0.000
0.000
1.523
0.000
0.000
1.564
0.000
0.000
0.976
0.000
1.465
0.000
0.000
1.255
0.000
0.000
0.000
2.025
0.000
0.000
1.325
0.000
0.000
0-. 000
1.648
0.000
0.000
0.762
0.000
0.000
3374
0.000
0.520
0.000
0.000
0.541
0.000
0.000
0.960
0.000
0.000

Mass

128.10
130.10
64.00
146.00
148.00
111.00
146.00
148.00
111.00
108.10
79.10
146.00
148.00
111.00
107.00
108.00
77.00
79.00
45.00
77.00
121.00
70.00
130.00
101.00
42.00
107.10
108.10
77.10
116.80
200.80
198 :80
136.00
68.00
82.10
128.10
54.00
77.10
123.00
65.00
82.00

138 .00
95.00



Report Date : 30-Dec-1996 15:00 Page 3

Method file

SAVANNAH LABORATORIES

COMPOUND LISTING

: /chem/SM/MSF5970.i/f-b8270-m.m

Compound

24 2-Nitrophenol

25 2,4-Dimethyphenol

26 Bis (2-chloroethoxy)methane

27 Benzoic Acid

28 2,4-Dichlorophenol

29 1, 2,4-Trichlorobenzene

30 Naphthalene

31 4-Chloroaniline

32 Hexachlorobutadiene

33 N-Nitrbso-di-n-butylamine

34 4-Chloro-3-Methylphenol

35 2-Methylnaphthalene

36 1-Methylnaphthalene

* 37 Acenaphthene-dlO

RT

10.210
10.210
10.210
10.476
10.476
10.476
10.677
10.677
10.677
10.981
10.981
10.981
10.861
10.861
10.861
10.987
10.987
10.987
11.161
11.161
11.161
11.395
11.395
11.395
11.395
11.504
11.504
11.504
12.297
12.297
12.297
12.719
12.719
12.719
12.904
12.904
13.143
13.143
15.507
15.507
15.507

RT Window

9.544-10.876
9.544-10.876
9.544-10.876
9.810-11.142
9.810-11.142
9.810-11.142
10.011-11.343
10.011-11.343
10.011-11.343
10.315-11.647
10.315-11.647
10.315-11.647
10.195-11.527
10.195-11.527
10.195-11.527
10.320-11.653
10.320-11.653
10.320-11.653
10.495-11.827
10.495-11.827
10.495-11.827
10.728-12.060
10.728-12.060
10.728-12.060
10.728-12.060
10.837-12.169
10.837-12.169
10.837-12.169
11.639-12.972
11.639-12.972
11:639-12.972
12.053-13.385
12.053-13.385
12.053-13.385
12.237-13.569
12.237-13.569
12.476-13.809
12.476-13.809
14.577-16.437
14.577-16.437
14.577-16.437

RF

0.185
0.000
0.000
0.000
0.301
0.000
0.595
0.000
0.000
0.174
0.000
o". ooo
0.289
0.000
0.000
0.315
0.000
0.000
1.061
0.000
0.000
0.256
0.000
0.000
0.000
0.180
0.000
0.000
0.317
0.000
0.000
0.393
0.000
0.000
0-. 628
0.000
0.582
0.000
1712
0.000
0.000

Mass

139.00
109.00
65.00
107.00
122.10
121.00
93.00
123 .00
95.00
122.00
77.00
105.00
162.00
164.00
98.00
180.00
182.00
145.00
128.00
129.00
127.00
127.10
129.10
65.00
92.00
224.80
222.80
226.80
84.00
57.00
41:00
106.80
143.80
141.80
142.00
141.00
142.00
141.00
164.00
162.00
160.00
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Method file

SAVANNAH LABORATORIES

COMPOUND LISTING

: /chem/SM/MSF5970.i/f-b8270-m.m

Compound

38 Hexachlorocyclopentadiene

39 2,4, 6 -Trichlorophenol

40 2,4, 5 -Trichlorophenol

M 41 Trichlorophenols
$ 42 2-Fluorobiphenyl

43 2 -Chloronaphthalene

44 2-Nitroaniline

45 Dimethylphthalate

46 2, 6 -Dinit rotoluene

47 Acenaphthylene

48 3 -Nitroaniline

49 Acenaphthene

50 2,4-Dinitrophenol

51 4-Nitrophenol

52 Dibenzofuran

RT

13.301
13.301
13.675
13.675
13.675
13.789
13.789
13.789
13.675
13.893
13.893
13.893
14.121
14.121
14.121
14.474
14.474
14.474
15.016
15.016
15.016
15.132
15.132
15.132
15.149
15.149
15.149
15.485
15.485
15.485
15.600
15.600
15.600
15.795
15.795
15.795
16.144
16.144
16.144
16.045
16.045

RT Window

12.370-14.231
12.370-14.231
12.744-14.605
12.744-14.605
12.744-14.605
12.858-14.719
12.858-14.719
12.858-14.719
13.192-14.158
12.963-14.823
12.963-14.823
12.963-14.823
13.191-15.052
13.191-15.052
13.191-15.052
13.543-15.404
13.543-15.404
13 .543-15.404
14.086-15.947
14.086-15.947
14.086-15.947
14.202-16.063
14.202-16.063
14.202-16.063
14.218-16.079
14.218-16.079
14.218-16.079
14.554-16.415
14.554-16.415
14.554-16.415
14.669-16.530
14.669-16.530
14.669-16.530
14.864-16.725
14.864-16.725
14.864-16.725
15.213-17.074
15.213-17.074
15.213-17.074
15.114-16.975
15.114-16.975

RF

0.355
0.000
0.433
0.000
0.000
0.413
0.000
0.000
0.000
1.391
0.000
0.000
1.262
0.000
0.000
0.626
0.000
0.000
1.567
0.000
0.000
0.342
0.000
OTOOO
1.764
0.000
0.000
0.105
0.000
0.000
1.109
0.000
0.000
0.133
0.000
0.000
0.273
0.000
0.000
1.699
0.000

Mass

236.80
271.80
196.00
198.00
200.00
196.00
198.00
200.00
100.00
172.00
171.00
170.00
162.10
164.10
127.10
65.10
92.10
138.10
163.00
194.00
164.00
165.00
89.00
63.00
152.10
151.10
153.10
138.10
108.00
92.10
154:10
153.10
152.10
184.00
107.00
154.00
65.00
109.00
139.00
168.10
139.10
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Method file

SAVANNAH LABORATORIES

COMPOUND LISTING

: /chem/SM/MSF5970.i/f-b8270-m.m

Compound

53 2,4-Dinitrotoluene

54 2,3,4, 6-Tetrachlorophenol

M 55 Tetrachlorophenols
56 Diethylphthalate

57 Fluorene

58 4 -Chlorophenyl -phenylether

59 4-Nitroaniline

$ 60 2, 4, 6-Tribromophenol

* 61 Phenanthrene-dlO

62 4, 6-Dinitro-2-methylphenol

63 Diphenylamine

64 N-Nitrosodiphenylamine

65 1,2 -Diphenylhydrazine

66 4 -Bromophenyl -phenylether

67 Hexachlorobenzene

RT

16.133
16.133
16.410
16.410
16.410
1.000
16.828
16.828
16.916
16.916
16.916
16.987
16.987
16.987
17.123
17.123
17.123
17.526
17.526
17.526
19.271
19.271
19.271
17.145
17.145
17.309
17.309
17.309
17.319
17.319
17.319
17.390
17.390
17.390
18.221
18.221
18.221
18.281
18.281
18.281

RT Window

15.202-17.063
15.202-17.063
15.480-17.340
15.480-17.340
15.480-17.340
0.980-1.020
15.898-17.759
15.898-17.759
15.985-17.846
15.985-17.846
15.985-17.846
16.056-17.917
16.056-17.917
16.056-17.917
16.192-18.053
16.192-18.053
16.192-18.053
16.595-18.456
16.595-18.456
16.595-18.456
18.115-20.427
18.115-20.427
18.115-20.427
15.989-18.301
15.989-18.301
16.154-18.467
16.154-18.467
16.154-18.467
16.163-18.475
16.163-18.475
16.163-18.475
16.234-18.546
16.234-18.546
16.234-18.546
17.065-19.377
17.065-19.377
17.0$5-19.377
17.125-19.438
17.125-19.438
17.125-19.438

RF

0.453
0.000
0.342
0.000

. 0.000
0.000
1.702
0.000
1,013
0.000
0.000
0.469
0.000
0.000
0.129
0.000
0.000
0.202
0.000
0.000
2525
0.000
0.000
0.134
0.000
0.768
0.000
0.000
0.421
0.000
0.000
1.477
o: ooo
0.000
0.228
0.000
0.000
0.327
0.000
0.000

Mass

165.10
89.00
231.80
229.80
130.80
100.00
149.10
177.10
166.10
165.10
167.10
203.80
140.80
205.80
138.10
108.00
92.00

330.00
332.00
141.00
188.00
94.00
189.00
198.10
105.10
169.00
168.00
167.00
169.00
168.00
167: 00
77.00
105.00
182.00
248.00
250.00
141.00
283.80
141.80
248.80
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Compound

68 Pentachlorophenol

69 Phenanthrene

70 Anthracene

71 Carbazole
72 Di-n-Butylphthalate

73 Fluoranthene

74 Benzidine

* 75 Chrysene-dl2

76 Pyrene

$ 77 Terphenyl-dl4

78 Butylbenzylphthalate

79 3, 3' -Dichlorobenzidine

80 Benzo (a) Anthracene

81 bis { 2-ethylhexyl) Phthalate

82 Chrysene

RT

18.846
18.846
18.846
19.342
19.342
19.473
19.473
19.473
20.016
20.988
20.988
22.357
22.357
22.357
25.515
25.515
26.017
26.017
26.017
22.922
22.922
22.922
23.433
23.433
23.433
24.776
24.776
24.776
26.033
26.033
26.033
25.995
25.995
25.995
25.995
26.284
26.284
26.284
26.088
26.088
26.088
26.088

RT Window

17.690-20.002
17.690-20.002
17.690-20.002
18.186-20.498
18.186-20.498
18.316-20.629
18.316-20.629
18.316-20.629
18.860-21.172
19.832-22.145
19.832-22.145
21.201-23.513
21.201-23.513
21.201-23.513
24.359-26.671
24.359-26.671
24.456-27.578
24.456-27.578
24.456-27.578
21.360-24.482
21.360-24.482
21.360-24.482
21.872-24.994
21.872-24.994
21.872-24.994
23.215-26.337
23.215-26.337
23.215-26.337
24.472-27.594
24.472-27.594
24.472-27.594
24.434-27.556
24.434-27.556
24.434-27.556
24.434-27.556
24.723-27.845
24.723-27.845
24.723-27.845
24.527-27.649
24.527-27.649
24.527-27.649
24.527-27.649

RF

0.205
0.000
0.000
1.209
0.000
1.109
0.000
0.000
0.488
1.935
0.000
1.183
0.000
0.000
0.054
0.000
2460
0.000
O'.OOO
1.537
0.000
0.000
1.005
0.000
0.000
1.066
0.000
0.000
0.272
0.000
0.000
1.233
0.000
0.000
0.000
1.406
0.000
0.000
1.263
0.000
0.000
0,000

Mass

265.80
263.80
267.80
178.00
176.00
178.00
176.00
179.00
167.00
149.10
150.10
202.10
101.00
203.00
184.00
92.00
240.00
236.00
120.00
202.10
200.10
203.10
244.10
122.10
212.10
149.10
91.10
206.00
252.00
254 .00
126: 00
228.00
229.00
226.00
114.10
149.00
167.00
279.00
228.00
226.00
229.00
114.00
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Compound

* 83 Perylene-dl2

84 Di-n-octylphthalate

85 Benzo (b) f luoranthene

86 Benzo (k) f luoranthene

M 87 Benzo (b,k) f luoranthene
88 Benzo (a)pyrene

89 Indeno(l,2,3-cd)pyrene

90 Dibenzo (a, h) anthracene

91 Benzo (g,h, i)perylene

RT

29.413
29.413
29.413
27.861
27.861
27.861
28.544
28.544
28.544
28.615
28.615
28.615
28.544
29.287
29.287
29.287
32.544
32.544
32.544
32.648
32.648
32.648
33.499
33.499
33.499

RT Window

27.648-31.178
27.648-31.178
27.648-31.178
26.096-29.626
26.096-29.626
26.096-29.626
26.779-30.309
26.779-30.309
26.779-30.309
26.850-30.380
26.850-30.380
26.850-30.380
0.980-1.020
27.522-31.052
27.522-31.052
27.522-31.052
30.779-34.309
30.779-34.309
30.779-34.309
30.883-34.413
30.883-34.413
30.883-34.413
31.734-35.264
31.734-35.264
31.734-35.264

RF

2305
0.000
0.000
2.440
0.000
0.000
1.320
0.000
0.000
1.173
0.000
0.000
0.000
1.090
0.000
0.000
0.950
0.000
0.000
0.773
0.000
0.000
0.950
0.000
0.000

Mass

264.10
265.00
260.00
149.10
167.10
43.10
252.00
253.00
125.00
252.00
253.00
125.00
100.00
252.00
125.00
253.00
276.00
138.10
277.00
278.00
139.00
279.00
276.00
138 .00
277.00
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12.4 Contamination by carryover can occur whenever high concentration samples and low
concentration samples are analyzed sequentially. Where practical, the high concentration samples
should be followed by a blank to check for cross-contamination. If the targets found in the highly
concentrated sample are found in subsequent samples, the analyst must verify that the port and P/T
system are not contributing contamination to the subsequent samples. If the target compound(s)
are not present in subsequent samples, the analysis of a blank is not required but may be a prudent
preventative measure.
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VOLATILE PETROLEUM PRODUCTS AND VOLATILE HYDROCARBONS AS GRO
(MODIFIED 8015B)

1.0 SCOPE AND APPLICATION

1.1 This procedure can be used to identify and quantify volatile petroleum-based solvent mixtures in
aqueous samples, soils and sediments, and waste samples by purge and trap/gas chromatography.
Gasoline is the primary target compounds but other petroleum products can be determined if the
product is provided to the lab. This procedure also contains the procedures for determining and
reporting the concentration of volatile hydrocarbons in the gasoline range, commonly referred to as
GRO(gasoline range organics). BTEX can be measured concurrently if the PID/FID detector
configuration is used. Example chromatograms are given in the appendix to this SOP.

1.2 The reporting limit(RL), the method detection limit(MDL), and the accuracy and precision limits are
listed in Section 5 of the Savannah Laboratories' quality assurance plans.

2.0 SUMMARY OF METHOD

2.1 Volatile petroleum products and other volatile materials are purged from the sample matrix by
helium. Aqueous samples are purged at ambient conditions and solids are purged at 40C. The volatile
constituents are trapped on an adsorbent material and thermally desorbed on to a temperature
programmable GC equipped with a flame ionization detector. If aromatics (BTEX) are to be
determined concurrently, the GC is equipped with an FID and photoionization detector (PID). The
identification of a petroleum product is made by comparison of the standard analyzed under the same
conditions versus sample chromatogram on the FED, utilizing pattern recognition techniques.

NOTE: The low level procedure for soils is SW-846 Method 5035. Some agencies and programs
are requiring the use of SW-846 Method 5030 for soil analyses. The procedures for each method
are included in this SOP. The default for low level soils will be 5035.

2.2 This procedure is based on the guidance in SW-846 Method 8015B. It is not the intention of this SOP
to replace the procedures mandated by several state agencies (Tennessee, Florida, California,
Wisconsin, etc.,) although this procedure will produce comparable results.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or that will put you or others in potentially dangerous situations.

3.2 The analyst should wear a lab coat or apron, eye protection(lab glasses or face shield) and gloves
when preparing standards and handling samples. Samples and standards should be handled under a
hood or in a well ventilated area.

3.3 The analyst should be familiar with the Material Safety Data Sheets (MSDS) for each reagent and
standard used in the lab. The MSDS list the potential hazards that each material poses and
information about safe handling of the material.
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4.0 INTERFERNCES

4.1 The patterns produced by samples that have been subjected to the conditions of the environment may
not be the same as the standards. This is generally referred to as "weathering"-the degradation of the
product due to evaporation and/or biological or chemical reactions. A sample with more than one
product may also be difficult to identify due to overlap of the peaks.

4.2 Contamination may occur from diffusion of VOCs into the sample during shipping and storage
Fluorocarbons and methylene chloride may penetrate the Teflon septa of the sample vial. Sampling
and storage areas should be as free from volatile contamination as possible. Tnp blanks should be
prepared and analyzed to check for this type of contamination.

4.3 Care must be taken to ensure that the analysis area is also free of aerosols and vapors. Contaminants
in the air can diffuse into samples during preparation and loading. Many spray cleaners, typewriter
cleaners, paints, varnishes, and furniture and carpet cleaners have solvents that may affect the VOC
analysis.

4.4 Contamination by carryover can occur when high level and low level samples are run sequentially.
Cross contamination can also occur from syringes and purge tubes that are not properly cleaned and
rinsed. Purge tubes should be cleaned with hot, soapy water, rinsed with tap water, and then dried at
105 °C until dry. Syringes should be cleaned by rinsing repeatedly with methanol.

4.5 Some care should be taken in the maintenance of the Teflon ferrules and seals used on the purge and
trap concentrators.

5.0 SAMPLE COLLECTION, HANDLING, AND PRESERVATION

5.1 Liquid samples are collected with no headspace in 40mL vials equipped with Teflon-lined caps. The
samples are acidified at the time of collection with about 0.1 OmL of concentrated HC1 per 40mL of
sample. The acid prevents the biological degradation of the aromatic compounds and prevents the
dehydrohalogenation of some of the chlorinated alkanes. The sample must be iced or refrigerated at
4C+/- 2C from the time of collection until analysis. The holding time for samples preserved with HC1
is 14 days for all target compounds. The holding time for unpreserved samples is 7 days.

5.2 Soils: Soils are routinely collected in duplicate in Encore samplers. A "bulk" sample is also routinely
collected in a 125-mL jar fitted with Teflon-lined caps. The bulk sample can be used for direct
purging by SW-846 Method 5030 or may be used to prepare the methanol extraction if the
concentration exceeds the working range of the analytical system.

Soils collected in Encore samplers must be analyzed within 48 hours of collection or must be
transferred within 48 hours to a sealed vial containing sodium bisulfate solution to preserve the
sample. The hold time of the preserved sample is 14 days from the date of collection. The procedure
for preparing soil samples is given in Section 9.2.

5.3 High level soil and waste samples are collected in glass containers (usually 125-mL clear glass)
equipped with Teflon-lined caps. Soil samples may also be submitted as core samples contained in
metal or plastic "tubes" or in 40-mL VOA vials. The samples are iced at the time of collection and
stored at 4C+/-2C. The holding time for soil and waste samples is 14 days from date of collection.

NOTE: Samples that are suspected of having very high concentrations of VOC should be segregated
from the "routine" samples and stored in a manner that will minimize sample and laboratory
contamination. See SL-SOP AN70. If possible, keep the field QC in the same storage refrigerator as
the samples.

SAVANNAH LABORATORIES
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6.0 APPARATUS AND MATERIALS

6.1 Gas chromatograph (GC)-temperature programmable equipped with a flame ionization detector (FID)
or flame ionization detector and photoionization detector (PID).

6.2 Purge and trap(P/T) system compatible with the GC, consisting of a concentrator and compatible
autosampler.

6.3 Data system or integrator compatible with the GC and PAT device

6.4 Supelco "J" trap for BTEX. This trap is recommended because it does not retain as much methanol
as the traps containing charcoal or silica gel. This is a definite advantage when the FID is used for
identification and quantification of targets

6.5 Recommended Columns and Column configuration-
DB-VRX fused silica capillary column, 60 m X 0.45 mm i.d., 2.5 mm film
DB-624 fused silica capillary column, 60 m X 0.53 mm i.d., 3.0 mm film
DB-Stabilwax fused silica capillary column, 60 m X 0.53 mm i.d., 3.0 mm film

The recommended configuration is connecting two dissimilar columns to the transfer line of the P/T
or injector port with a glass y-splitter. One column is connected to the FID and the other column to
the PID. The Stabiliwax should be connected to the PID if it is used. This column will provide
separation between the xylene isomers and styrene. This configuration provides simultaneous
detection and confirmation of the target compounds.

The GC may also be configured with a single column connected an FID or to a PID in series with an
FID.

6.6 Gaslight microsyringes and syringes, appropriate volumes.

6.7 Solution storage container, glass with Teflon-lined screw caps. The volume of the container should
allow storage of the container with a minimum of headspace.

6.8 Top-loading balance

7.0 REAGENTS

Reagents must be tracked in accordance with SL SOP AN44'Jteagent Traceability.

1.1 Methanol: Burdick and Jackson Purge and Trap Grade Methanol

7.2 Reagent water-lab generated deionized water or deep well water that has been purged with nitrogen.
The purging vessel may be heated to facilitate the removal of VOC from the water.

7.3 Sodium bisulfate-reagent grade. This salt is hydroscopic and should be stored in a dessicator.

7.4 Soil preservation solution- Slowly add, while stirring, 200g of sodium bisulfate to a 1.0-L volumetric
containing about 700mL of reagent water. After the salt has dissolved, dilute to volume with reagent
water, transfer to a storage container, and store the solution in an area free from
VOC-especially water soluble solvents such as acetone.
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8.0 STANDARDS

Calibration and spike solutions are prepared from either certified stock solutions purchased from
vendors or from stock standards prepared from neat materials. Certificates of analysis or purity must
be received with all stock solutions or neat compounds. All preparation steps must be in accordance
with SL SOP AN4 1 : Standard Material Traceability.

8. 1 Preparation of Calibration Standards

8.1.1 Preparation of Stock Standards from Neat Compounds

The lab should attempt to obtain a certified primary standard or secondary standard before preparing
stock standards from neat materials. SL-SOP AN43: Standard Preparation gives the general
instructions for the preparation of the stock solutions from neat materials.

Neat petroleum products should be used when provided as site specific materials. When preparing
standards of a general nature (i.e. Gasoline), these materials should be purchased from a reputable
standard vendor. Gasoline is available as a certified stock standard from Restek and should be used
unless a site -specific material is provided. Stock standards of site-specific products should be
prepared from neat materials at a concentration of 2000-5000ug/mL in methanol.

8.1.2 Preparation of the Working Standard from Stock Standards

The working standard is prepared from the primary stock standards that are either prepared from neat
compounds or purchased as certified solutions. The working standard contains one or more of the
target compounds at a concentration suitable for preparing the calibration standards, generally 1 00-
200ug/mL. A known volume of the working standard is then added to a known volume of reagent
water to make the calibration standard.

The volume of stock standard needed to prepare a working standard is given by the following
equation:

CsQVs = CwsQVws

., Cws <8> VwsVs'-^r~
where

Cs = concentration of stock standard(ug/mL)
Vs = volume of stock standard needed (mL)
Cws = concentration of the working standard(ug/mL)
Vws = volume of working standard to be prepared (mL)

EXAMPLE
Prepare 1 .OmL of a 25ug/mL working standard from a 2000ug/mL stock standard.

_
Cs 2000ug/mL

12.5uL of the 2000ug/mL stock standard is diluted to 1 .OmL with methanol. The concentration of the
working standard is 25ug/mL.

The standards and standard concentrations listed in Appendix A are recommended for routine use. If
other "recipes" are used, the lab must document the standard preparation procedures in the standard
traceability log.
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8.1.3 Calibration Standards

A five point calibration curve is prepared and analyzed for gasoline and any site-specific product.
The lowest concentration calibration standard must be at or below the reporting limit and the rest of
the standards will define the working range of the detector.

If multiple products are being analyzed, the curves for all targets are verified by the analysis of the
gasoline mid-level standard. For example, if gasoline and lacolene are being determined, a five point
curves of both products are analyzed initially but only gasoline is analyzed to verify the curve for both
products; that is, if gasoline meets the CC V criteria, lacolene is assumed to meet the criteria.

An example of the preparation of calibration standards are given in Appendix A. IF the lab uses a
different "recipe" to prepare the calibration standards, the recipe must be documneted in either the
traceability log or as a controlled posting.

The lab may use either or both of two compounds for surrogates: a,a,a-trifluorotoluene or
2,5-dibromotoluene. The advantiage to using 2,5-dibromotoluene is that it elutes after naphthalene
and will be subjet to less matrix interfernece than a,a,a-TFT. 4-BFB is used as the ISTD.
The surrogates may be calibrated as part of the gasoline calibration (example in Appendix A) or may
be calibrated separately.

8.2 Matrix Spiking Solutions

Gasoline is utilized as the matrix spiking compound. Prepare a solution at a concentration of
lOOOug/mL. The addition of lOuL of this solution will result in the following concentrations(Ct):

Aqueous:

._, 500vg/mL®Q.O\QmL
C/ = —————————————— = 200u£ IL

0.025L

Soils:

c _ 500ug/mL®0.010mL _ \000ug/kg;dw
0.005kg ® solids solids

solids = (percent solids)/! 00

9.0 SAMPLE PREPARATION

Composite samples can be prepared using the guidance provided in SL-SOP AN71: Compositing of
Samples.

9.1 Aqueous samples are analyzed directly by purge and trap/GC-MS. No sample preparation is
necessary except to homogenize the sample prior to subsampling. The pH of liquid samples is
checked and recorded prior to analysis to determine if the sample has been properly preserved.
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9.2 Preparation of Soil Samples (5035)

9.2.1 Remove the Encore samples and the bulk sample from the storage area.

9.2.2 Test an aliquot of the bulk sample for the presence of carbonates.

Transfer 5g of sample from the bulk sample to a 40mL vial..
Add 5ml of the sodium bisulfate solution and shake the vial.
If the sample exhibits effervescence, the Encore samples should be preserved as described above
using 5mL of volatile-free water in place of the sodium bisulfate solution and placed in a freezer at -
10C. The analytical hold time for frozen samples is 14 days from collection.
If no effervescence is noted, the Encore samples may be preserved with 5mL soil preservation
solution.

9.2.3 Add a stir bar to a vial and weigh the vial and record its tare weight(or tare the vial and stir bar
weight by pressing the autotare button).

9.2.4 Transfer the sample from the Encore sampler to the tared vial and record the weight of the sample
log.

If the sample effervesced during the carbonate test (9.2.2), add S.OmL of reagent water and
freeze at -10C. The hold time is 14 days from collection

If not, add S.OmL of the soil preservation solution, seal the vial, and store the sample at 4C until
the time of analysis. The preserved sample must be analyzed within 14 days of collection.

NOTE: A preparation blank is prepared when Encore samples are transferred. The preparation
blank contains the same reagents as the samples-cither 5mL of reagent water or 5mL of soil
preservation solution.

9.2 High Level Soils

Soil samples which contain VOC at levels which exceed the working range of the calibration (5035)
or require the analysis of less than 1 .Og (5030) must be analyzed using the methanol extraction
procedure. Volatile screen data will indicate whether a low or high level analysis is required. If screen
data is not available, historical information or the characteristics of the sample may be used as an aid
in determining the proper analysis level. It is better to err on the conservative side and analyze the
sample by the high level method first to avoid the possible contamination of the entire analytical
system.

9.3.1 Remove the sample from the refrigerator and allow the sample to equilibrate to ambient temperature.

9.3.2 Carefully remove the cap from the sample container. Using a clean glass rod or stainless steel spatula,
mix the sample thoroughly to produce a homogeneous sample. If water is present on top of the
sample, check with the project manager to determine if the water should be decanted off. Normally,
the water is mixed into the sample.

9.3.3 Weigh out lOg +/-O.lg of the homogenized sample into a 12-mL VGA vial using the top-loading
balance. Avoid getting rocks or leaves into the sub-sample. Record the weight of the sample in the
VOC extraction log or instrument log to the nearest 0.1 g. Weight two additional 10-g aliquots of the
sample selected as the MS/MSD.

9.3.4 Wastes: Weigh out Ig +/-O.lg of the homogenized sample into a 12-mL VOA vial using the top-
loading balance. Record the weight of the sample in the VOC extraction log or instrument log to the
nearest 0.1 g.
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9.3.5 Quickly add lOmL of methanol. Add 30uL of the 2000ug/mL surrogate stock solution to each
sample. Cap the vial and shake the vial for 30 seconds

The theoretical concentration of the surrogate in lOg of sample is:

„ . fnnn .,Ct = ——— - ————————— = 6QQQug/kg
Q.OlQkg

9.3 .6 The method blank is prepared by adding 1 OmL of methanol to a vial or to vial containing 1 Og of blank
sand. Add 30uL of the surrogate stock solution (2000ug/mL) to the vial and shake the vial for 30
seconds.

9.3.7 The LCS is prepared by adding lOmL of methanol to a vial or to lOg of blank sand in a vial. Add
30ul of the surrogate stock solution (2000ug/mL) and 200uL of the gasoline stock solution
(2500ug/mL) to the vial and shake the vial for 30 seconds. The MS/MSD is prepared in the same
manner on the duplicate samples.

The theoretical concentration of the LCS/MS in lOg of sample is:

_ . ennnn ,,Ct = ——— $ ————————— = 50000wg7Ag
O.OlOfe

9.3.8 After the soil/solid portion of the sample has settled out, transfer a portion of the extract to a vial. The
extract must be stored with no headspace at 4C until the time of analysis. Discard the remaining
extract.

9.3.9 A portion of the methanol layer is injected into a 25mL of reagent water. The volume of the aliquot
should not exceed 125uL. 5uL of the internal standard mix (150ug/mL) is added to the sample and
purged in the same manner as liquid samples (ambient purge conditions).

10.0 PROCEDURE

10.1 Instrument Conditions

10.1.1 GC Conditions

GC conditions may vary according to the environment and condition of each instrument. The lab must
document the instrument conditions to assure consistent results and to aid in trouble-shooting the
analytical system. Each lab is responsible for assuring that the conditions necessary to achieve
adequate separation and sensitivity of the target analytes are maintained.

10.1.1.1 Example GC temperature program(ambient cooling)

Initial column temperature: 35 C for 3 minutes
Column temperature program 1: 20C per minute
Intermediate column temperature: 70C for 4 minutes
Column temperature program 2: 1OC per minute
Final column temperature: 200C for 5.25 minutes

10.1.1.2 Column flow: Approximately 5-1 OmL/minute helium with a make-up of 20-25mL/minute helium.

VG15-Paee7of23 ^+» SAVANNAH LABORATORIES
& ^^0 ^H 1 FMIflAOMimr«l «««i»i~>t »,/•. INC



VG15:07.15.98:5

10.1.2 Purge and Trap Conditions

The purge and trap conditions listed in this section are for guidance. The lab must document the actual
conditions used. The purge time must be 11 minutes and the desorb time should be at least 2 minutes.
Other parameters may be varied to optimize the detection of the target compounds.

10.1.2.1 "Three ring trap'-charcoal, Tenax, silica gel
Purge Time: 11 minutes
Purge temperature: aqueous-ambient; soils-heated 40C
Desorb time: 4 minutes
Desorb temperature: 180C
Bake time: 8 minutes at 225C
Purge flow: Approximately 20-30mL/minute
Valve temperature: 100C
Transfer line: 100C

10.1.2.2 BTEXTrap
Purge Time: 11 minutes
Purge temperature: aqueous-ambient; soils-heated 40C
Desorb time: 4 minutes
Desorb temperature: 225C
Bake time: 8 minutes at 250C
Purge flow: Approximately 20-30mL/minute
Valve temperature: 100C
Transfer line: 100C

10.1.2.3 VOCARB 3000 trap
Purge Time: 11 minutes
Purge temperature: aqueous-ambient; soils-heated 40C
Desorb time: 4 minutes
Desorb temperature: 225C
Bake time: 8 minutes at 250C
Purge flow: Approximately 20-30mL/minute
Valve temperature: 100C
Transfer line: 100C

10.2 Calibration
The analytical system is calibrated initially by the analysis of a five point curve for gasoline or the site-
specific product. A GRO standard is analyzed daily to set the Retention time windows for the GRO
constituents. The GRO standard may also be used to check the calibration of the BTEX compounds if
these compounds are being measured concurrently with the petroleum products. If the BTEX
compounds are also to be determined using the same analysis, the guidelines in SL SOP VG01 (602
or 8020) or SL SOP VG02 (802 IB) must be followed.

Internal or external standard calibration techniques may be employed for the determination of the
concentration of GRO and volatile petroleum products. The internal standard technique is
recommended and included in this SOP.

10.2.1 The initial calibration for identification and quantitation of products will involve the analysis of a five
point calibration for either gasoline or the site-specific product, and single point calibration standards
for the carbon range standard.

10.2.1.1 Prepare the calibration standards using the guidelines listed in Section 8 of this SOP and analyze the
standards using the instrument conditions that are optimized for the analysis. Any required
maintenance should be performed prior to analysis of the initial calibration.
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10.2.1.2 Evaluate the standard chromatograms. Some questions to ask at this point are:

>Is there contamination in the blank? If so, has maintenance been performed on the instrument lately0

Has the septum been changed? Is the column properly seated in the injector and detector ports?

>Did all of the standards inject properly? Are there peaks for each of the standards analyzed? Do the
patterns look normal?

>Are the peaks symmetrical? Is there tailing or fronting?

>Are the areas of the peaks normal for the sensitivity setting being used?

10.2.1.3 Tabulate the total areas for each of the five initial calibration standards (either the gasoline or the
site-specific fuel). Quantitation of sample concentration for the multi-component products is based on
the total area (including baseline integration) of all the peaks in the retention time range defined by the
reference petroleum standard.

10.2.1.4 A calibration curve can be established for each analyte by plotting the concentration (or nanograms
on-column) along the x-axis and the corresponding response along the y-axis. A regression curve is
prepared and evaluated. A curve with a 0.99 or higher correlation coefficient can be used for
quantitation.

NOTE: Linear regression curves must be used for South Carolina DHEC compliance samples. See
pre-project plans and client QAPs for other exceptions to using non-linear curve fitting.

10.2.1.5 Alternatively, calculate the relative response factor (RRF) for each calibration standard using the
following equation:

Ac CistRRF = ——<8> ——
Aist Cc

where
Ac = total area of the compound or petroleum product
Aist = area of the internal standard
Cist = concentration of the internal standard (ug/L or ug/kg)
Cc = concentration of the target compound or petroleum product (ug/L or ug/kg)

10.2.1.6 Calculate the average response (or calibration) factor for the five point diesel or site specific product.

+ RF2 + RF3 + RF4 + RF,

10.2.1.7 Calculate the standard deviation of the five calibration levels for each target.

Standard Deviation =

n

n-1
where
RFj = response factor of the individual calibration level
RRFavg = average response factor
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1 0.2. 1.8 Calculate the relative standard deviation (% RSD) of the five levels for each target:

standard deviation
%RSD = ———— == ———— ® 100

Kr

If the % RSD is less than 20% for the gasoline or site-specific product, the calibration is considered
linear and the average response factor (or calibration factor) is used for quantitation.

10.2.2 The continuing calibration check standard will be either the mid-level gasoline standard (if multiple
products are being determined) or the mid level site-specific product standard if this single product is
being determined. Choose one of the following to evaluate the calibration check.

10.2.2.1 Analyze the mid level gasoline or site-specific product. Tabulate the total area of the target analyte
and calculate the response factor in the same manner as the initial calibration (1 0.2. 1 .4).

Calculate percent difference(%D) of between the initial and continuing calibration response factors:

RFmt -

where
RFmri = average response factor from the initial calibration curve
Rfeont= response factor from the continuing calibration standard

If the percent difference is less than or equal to 1 5%, the calibration curve is verified and the average
response factor is used for quantitation.

If the percent difference is greater than 1 5%, another continuing calibration standard should be
analyzed. Repeated failure may be a sign of instrument or standard degradation. If the continuing
calibration criteria is not met, a new initial calibration must be prepared and analyzed.

10.2.2.2 If the calibration curve option has been chosen, calculate the percent drift (%D) of between the initial
and continuing calibration response based on the true or theoretical concentration of the check
standard:

result - expected
%D = ————— —, —— x 100expected

where
result = concentration or nanograms on-column of the calibration check standard

quanted against the curve
expected = true concentration or nanograms on-column of the calibration check

standard

If the percent drift is less than or equal to 15%, the calibration curve is verified and can be used for
quantitation.

If the percent difference is greater than 1 5%, another continuing calibration standard should be
analyzed. Repeated failure may be a sign of instrument or standard degradation. If the continuing
calibration criteria is not met, a new initial calibration must be prepared and analyzed.
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10.3 Analytical Sequence

Initial Calibration Standards
-5 point gasoline or site specific product
- 1 point carbon range standard (GRO)
Method Blank
Sample analyses (up to 12 hours)
Continuing calibration verification-mid point gasoline
- Performed (a). 12 hours from last CCV

standard or site-specific product*

Method Blank
Sample analyses (up to 1 2 hours)
Continuing calibration verification-mid point gasoline
- Performed (S>. 12 hours from last CCV

standard or site-specific product*

Method Blank
Sample analyses (up to 12 hours)

The sequence continues until all samples are analyzed or until the calibration verification standard
fails the acceptance criteria.

*If multiple products are being determined, gasoline may be used to verify the calibration for all
products; if gasoline passes, all of the others are assumed to pass. If only one product is being
determined, that product is used to verify the calibration.

10.3.2 Aqueous Sample Analysis

Take the samples out of the refrigerator and allow them to equilibrate to room temperature.

Invert the sample vial several times to insure a homogenous mixture.

Remove the cap from the sample vial and gently pour the sample into a 25-mL syringe.

Spike the sample with 25 uL of the F3Toluene surrogate working standard and then load into a sparge
tube at the purge and trap autosampler through the sample sparge needle/valve assembly.
All samples requiring a spike must also have 10 uL of the gasoline or petroleum product working
standard added to them. This will result in a spike concentration of 200 mg/L.

Adjust the valve to insure that it is in the proper position for purging. Any aqueous dilutions are
performed by adding the appropriate aliquot of the sample to reagent water in a 25 mL syringe to
yield a final volume of 25 mL.

Analyze the sample under the conditions optimized for ambient purge of liquids. (See Section 10.1 for
the recommended instrument conditions).

W_.,D .. ,.- ei SAVANNAH LABORATORIES
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10.4. Low Level Soil Samples by Heated Purge and Trap (Method 5035)

10.4.1 Remove the samples to be analyzed from the refrigerator and allow the sample to come .to ambient
temperature. Inspect the vial for cracks or obvious breaches in the septum.

10.4.2 Load the samples on to the soil purging unit. Standards and QC items must be analyzed under the
same heated purge and trap conditions.

10.5 Low Level Soil Samples by Heated Purge and Trap (Method 5030)

The sealed, tared vial containing the sample is removed from the refrigerator and allowed to
equilibrate to room temperature. The weight of the sample is determined (Section 9.3) and the sample
is loaded on to the soil autosampler. Standards are prepared and analyzed under the same conditions.
Note that the soil autosampler will automatically add reagent water and the internal standards to each
vial.

If a smaller aliquot of sample is required because of the high concentrations of target compounds,
refer to section 9.3.

10.5.1 Remove the samples to be analyzed from the refrigerator and allow the sample to come to ambient
temperature.

10.5.2 Put on a pair of gloves before transferring the sample from the vial to the sparging vessel. The sample
may contain toxic or hazardous chemicals or biologically active components that may cause skin
irritations. Gloves must be worn when handling samples.

10.5.3 Mix the contents of the container by stirring the sample with a spatula or glass rod. The sample must
be homogenized before an aliquot is weighed into the sparging vessel. Weigh 1 g to 5g of the sample
into the sparging vessel. Attach the sparging vessel to the autosampler. Record the weight of sample,
to the nearest 0.1 g, on the analysis log. Do not use less than 1 g of sample for the low level soils.

10.5.4 Remove the plunger from the glass syringe. Attach a syringe valve to the syringe Luer-tip to prevent
reagent water from spilling out of the syringe. Add reagent water to the syringe and adjust the
volume to 5.0mL.

10.5.5 Open the syringe valve and inject the internal standard/surrogate (ISSU) mix into the reagent water.
Add the reagent water with the ISSU mix to the sparging vessel.

10.5.6 Attach the heater jacket or other heating device to the sparging vessel and analyze the samples using
the same conditions used for the initial and continuing calibration standards-purge temperature for
low level soils is 40C. Record the sample information on the analysis log.
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10.5.7 Determine the concentration of the samples and QC items. If the concentration of a target compound
is above the highest calibration standard, a smaller sample aliquot is weighed and analyzed. Do not
use less than 1 g of sample for the low level soils. If the concentration of a target compound exceeds
the linear range using a 1 -g aliquot of soil, the medium level soil extraction must be used

10.6 Analysis of Methanol Extracts of Soils/Solids

The methanol extraction is used when the concentration of one or more target compounds exceeds the
linear range of the low level purge technique. Samples are analyzed only after the initial or continuing
calibration criteria has been met, and the method blank criteria has been met. Medium level soil
extracts are quanted using the ambient purge calibration curve. Sample preparation steps are included
in Section 9.

Remove the plunger from the 25-mL syringe and fill the barrel to overflowing with reagent
water(syringe valve in the "red" position).

Replace the plunger, switch the syringe valve to "green", and force any airspace out of the syringe.
Adjust the volume to the syringe volume (5mL)

Briefly remove the syringe valve and inject the sample extract (maximum of 125uL) and 25uL of the
internal standard (1ST) solution into the syringe.

NOTE: Use the internal standard (1ST) mix when preparing the medium level samples. Recall that the
surrogates have already been added to the sample prior to methanol extraction.

Load the sample on to the purge and trap device and begin the analysis. All pertinent information
concerning the samples must be recorded on the analysis log. The samples must be clearly identified
and traceable to the extraction log. These conditions must be the same as was used for the initial and
continuing calibration standards-ambient purge for aqueous samples.

Determine the concentration of the samples and QC items using the procedures of Section 11. If the
concentration of a sample is above the highest calibration standard, a smaller aliquot of the methanol
extract is reanalyzed.

NOTE: It is possible to dilute the surrogates in the sample extract below the linear range of the
calibration curve. The minimum extract aliquot that can be used to provide a quantifiable result for
the surrogates and matrix spikes is 0.020mL (20uL). It is not probable that the recovery of the
surrogates would be 100%, which is necessary to provide a quantifiable result using a
O.OlOmL(lOuL) aliquot of the extract.
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11.0 DATA ANLAYSIS AND CALCULATIONS

11.1 Qualitative analysis

11.1.1 Identification and quantitation of sample concentration is based on the total area (including baseline
integration) of all the peaks in the retention time range defined by the reference petroleum standard.
The ability to make a positive identification of a specific petroleum product may be inhibited by
sample weathering, multi-product composition, and dissimilarity between the sample and the products
utilized as standards. Weathered samples will tend to display peaks not found in the reference
standard due to compound degradation or may not contain some of the peaks found in the reference
standard. Highly weathered samples may also display an elevated baseline resembling a very broad
peak or "humpogram." The total area contained in this peak should be used in the quantitative
determination if the peak or hump resides within the retention time range of the reference petroleum
product.

11.1.2 If an identification is not possible, additional information may be provided by the analysis of the
straight chain alkane standard. Based on the retention time of the various alkanes, an estimated
hydrocarbon chain length for the major constituents in the sample can be identified. The sample
chromatogram may be quantified against the petroleum standard that most resembles the sample
product and reported with a qualifier such as :

"The peaks in Sample X elute between C6 and CIO and the sample was quantified against the
gasoline standard, which contains peaks in approximately the same carbon range."

11.1.3 The sample must be diluted to point where the peaks are within the linear range of the gasoline or
site-specific product or to a point where the total area is within a factor of five of the total area of the
target products. Diluting the extract into the proper range will aid in the identification and evaluation
of the chromatogram.

11.1.4 If GRO is requested and a state-specific procedure is not specified, the peaks eluting irom 2-
methylpentane(C6) and 1,2,4-trimethylbenzene(C9) are summed and quantified against the average
response factor or curve of the gasoline calibration.

11.1.5 If "total hydrocarbons" is requested, GRO is calculated and reported.

11.2 Calculations for Samples-External Standard Technique

11.2.1 Aqueous Samples

If a regression curve is used, the concentration is given:

concentration(ug / L) = concentration(curve) <8> DF
where
DF = dilution factor

If the relative response factor is used, the calculation for samples is :

Axconcentration(ug/L) = •————® DF
RRFavg

where
Ax = area of the target compound being measured
RRFavg = average response factor of the compound being measured
DF= dilution factor
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The reporting limit (RL) for each sample is given:

RL(ug/ L) = RLqap ® DF
where
DF = dilution factor. The SL CQAP Table 5 RL(RLqap) assumes a DF of 1.

11.2.2 Soils by Heated P/T

If the regression curve is used, the concentration is given:

5.0g
conc(ug / kg, dw) = Ccurve(ug / kg)

(W)(solids)

where
Ccurve = concentration from curve(ug/kg)
W = weight of sample added to the sparging vessel (g)
solids = (percent solids)/! 00)

If the relative response factor is used, the calculation for samples is :

concentration(ug/kg,dw) = ————® ————56 RRFavg (W)(solids)
where
Ax = area of the target compound being measured
RRFavg = average response factor of the compound being measured
W = weight of sample added to the sparging vessel (g)
solids = (percent solids)/! 00)

The reporting limit (RL) for each sample is given:

5.0gRL = RLqap (W)(solids)
where
W = weight of sample added to the sparging vessel (g)
solids = (percent solids)/! 00)

The SL CQAP assumes W= 5.0g and solids = 1.

11.2.3 Methanol Extraction Soils and Wastes

If the regression curve is used, the concentration is given:

Veal
concfug, kg, dw) = Ccurve(ug / L)

(W)(solids)
where
Veal = volume that calibration curve is based on (0.005L or 0.025L)
W = weight of sample added to the reagent water (g)-defined above(l 1.2.3.1)
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If the relative response factor is used, the calculation for samples is :

x _ Vealx „ . iconcentration(ug/Kg, aw) =
RRFavg (W) (solids)

where
Ax = area of the target compound being measured
RRFavg = average response factor of the compound being measured
Veal = volume that calibration curve is based on (5mL or 25mL)
solids = (percent solids)/ 100)
W = weight of sample added to the reagent water (g)

This weight is determined using the following equation:

r - gjf .

Wext = weight of sample extracted (g)
Vf = final volume of the extract (mL)
Vext = volume of extract added to the water (mL)
The reporting limit (RL) for each sample is given:

5.0g
RL = RLqap ~ *(W)(solids)

where
W = weight of sample added to the reagent water (g)
solids = (percent solids)/! 00)

The SL CQAP assumes W= 5.0g and solids = 1.

11.3 The concentration of VOC in the lab control and matrix spike samples is determined as in Section
11.1. The concentration is compared to the theoretical spike concentration and the percent recovery is
calculated.

11.3.1 The theoretical or true value for a spiked sample is calculated using the following equation:

amount of compound added
concentration = —-—————————————

volume / 'weight of sample

For liquid samples, this equation expands to:

Cspike ® Vspikeconcentration^ / L) = ————————
Vsample

where
Cspike = concentration of the spiking solution (ug/mL)
Vspike = volume of spiking solution added to the sample (mL)
Vsample = volume of sample spiked (L)
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For soil and solid samples, the equation expands to:

Cspike ® Vspike
concentration(ug / L) = Wsample ® solids

where
Cspike = concentration of the spiking solution (ug/mL)
Vspike = volume of spiking solution added to the sample (mL)
Wsample = weight of sample spiked (kg)
solids = (percent solids)/! 00

12.0 QUALITY ASSURANCE /QUALITY CONTROL

12.1 The analytical batch consists of up to twenty client samples and the associated QC items that are
analyzed together. The matrix spike and LCS frequency is defined in AN02: Analytical Batching.
Note that the method blank for liquid samples and low level soils is clock-specific and that the method
blank for medium level soil samples is batch-specific.

SL-SOP AN02: Analytical Batching describes the procedure for evaluating batch-specific QC. This
criteria is summarized in the attached SOP Summary.

12.2 Initial Demonstration of Capability (IDOC ) to Generate Acceptable Accuracy and Precision

Each analyst must demonstrate competence in the analysis of samples by this procedure. The
minimum criteria for this demonstration is the preparation and analysis of spiked reagent water.
Section 8 of EPA Method 8000B gives the general procedure for the performance of the IDOC.

12.3 Method Detection Limit

The method detection limit is determined in accordance with SL SOP CA90.

13.0 PREVENTIVE MAINTENANCE

Preventive maintenance items will be added at a later date.

14.0 TROUBLE-SHOOTING

Trouble-shooting items will be added at a later time.

15.0 REFERENCES

Test Methods for Evaluating Solid Waste, Third Edition, U.S. EPA Office of Solid Waste and
Emergency Response: Washington, DC. (Final Update III)
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Appendix A
Example Working Level Standards

Gasoline Working Standard
Stock STD

Gasoline
a,a,a-TFT
2 , 5 -dibromotoluene

Stock STD
cone (ug/mL)

2500
2000
2000

Volume of Stock
Std
(uL)
200
12.5
12.5

Final Volume of
Working STD(mL)

1.0

cone of Working
STD
(ug/mL)
500
25
25

Gasoline Range Working Standard
Stock STD

GRO

Stock STD
cone (ug/mL)

500-1500

Volume of Stock
STD
(uL)
50

Final Volume of
Working STD (mL)

1.0

cone of Working
STD
(ug/mL)
25-75

Internal Standard/Surrogate(ISSU) Working Standard
Stock STD

a,a,a-TFT
2,5-dibromotoluene
4-BFB stock

Stock STD
cone (ug/mL)

2000
2000
2000

Volume of Stock
STD
(uL)
75
75
75

Final Volume of
Working STD (mL)

1.0

cone of Working
STD
(ug/mL)
150
150
150

Internal Standard (1ST) Working Standard
Stock STD

4-BFB stock

Stock STD
cone (ug/mL)

2000

Volume of Stock
STD
(uL)
75

Final Volume of
Working STD (mL)

1.0

cone of Working
STD
(ug/mL)
150
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Appendix A
Example Calibration Standards
GASOLINE CALIBRATION STANDARDS-AQUEOUS
CALSTD

gas-1
gas-2
gas-3
gas-4
gas-5

WORKING
STOCK
conc(ugAnL)
500
500
500
500
500

ul of WORKING
STOCK

2.5
5.0
10
25
50

uLoflST

5
5
5
5
5

VOLUME OF
WATER (mL)

25
25
25
25
25

CAL STD
conc(ug/L)

50
100
200
500
1000

surrogatesare at 2.5,5,10,25, and 50ug/L; ISTD at 30ug/L each level

GASOLINE CALIBRATION STANDARDS-LOW LEVEL SOILS
CALSTD

gas- Is
gas-2s
gas-3s
gas -4s
gas-5s

WORKING
STOCK
conc(ugAnL)
500
500
500
500
500

ul of WORKING
STOCK

L2.5
5.0
10
25
50

uLoflST

5
5
5
5
5

WEIGHT OF
SOIL (g)

5.0
5.0
5.0
5.0
5.0

CAL STD
conc(ug/kg)

250
500
1000
2000
5000

surrogatesare at 10,25,50,125, and 250ug/kg; ISTD at 150ug/kg each level.

GRO STANDARD-AQUEOUS
CALSTD

GRO-1

WORKING
STOCK
conc(ug/mL)
25-75

ul of WORKING
STOCK

20

uLoflST

5

VOLUME OF
WATER (mL)

25

CAL STD
conc(ug/L)

20-60

GRO STANDARD-LOW LEVEL SOILS
CALSTD

GRO- Is

WORKING
STOCK
conc(ug/mL)
25-75

ul of WORKING
STOCK

20

uL of 1ST

5

WEIGHT OF
SOIL (g)

5.0

CAL STD
conc(ug/kg)

100-300
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Appendix B -QC Summary
8015-PURGEABLES METHOD SUMMARY
The primary target for this procedure is gasoline, which is defined as all peaks eluting between 2-
methylpentane(C6) and 1,2,4-trimethylbenzene(C9). Gasoline will be quantified using the total area of the
peaks eluting in the gasoline range. Other products may be identified and quantified if the calibration criteria is
met. BTEX can be determined concurrently.

HOLD/STORAGE
Container: Aqueous: 40mL vial with Teflon-lined cap, no headspace Soil: Pre-weighed vial 40mL vial; a separate
sample is also collected in a 40mL or 125mL vial for "dilutions", if required
Preservative: Aqueous: If chlorine is present, add sodium thiosulfate Soils: 5.0ml sodium bisulfate solution; no
preservative in separate soil sample.
Storage: 4C +/-2C from collection to analysis
Hold Time: Aqueous: 14 days if preserved at collection with HC1 to pH<2;7 days if unpreserved. Soils: 14 days

ANALYSIS
Aqueous-ambient P/T; GC with PID/FID
Soils-heated (40C) P/T; GC with PID/FID

ANALYTICAL SEQUENCE__________________________________________
Initial Calibration Standards
-5 point gasoline or site specific product
-1 point carbon range standard (GRO)
Method Blank
Sample analyses (up to 12 hours)
Continuing calibration verification-mid point gasoline standard or site-specific product*
- Performed @ 12 hours from last CCV_________________________
Method Blank
Sample analyses (up to 12 hours)
Continuing calibration verification-mid point gasoline standard or site-specific product*
- Performed @ 12 hours from last CCV__________________________
Method Blank
Sample analyses (up to 12 hours)

The sequence continues until all samples are analyzed or until the calibration verification standard
fails the acceptance criteria.

*If multiple products are being determined, gasoline may be used to verify the calibration for all products; if
gasoline passes, all of the others are assumed to pass. If only one product is being determined, that product is
used to verify the calibration.

SURROGATE(S):
a,a,a-Trifluorotoluene- 30ug/L(aqueous); 150ug/kg(soils)

BATCH QC
Method blank
LCS-gasoline at 250ug/L(aqueous); 1250ug/kg(soils)*
MS/MSD- gasoline at 250ug/L(aqueous); 1250ug/kg(soils)*
*(or site specific target at 5-1 OX RL)
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Appendix B QC Summary

QC CHECK FREQUENCY ACEPTANCE
CRITERIA

CORRECTIVE
ACTION

Initial Calibration-
5 point minimum with lowest point at RL

Prior to sample analysis or
when CCV fails

1)RSD of each target
<= 20%; OR
2)plot regression curve

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Continuing calibration verification(CC V)
-midpoint calibration standard

Every 12 hours and at end
of sequence

1) Within method "Q"
table criteria; OR
2) Percent difference or
drift <=15%

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Method blank Prior to analysis of
samples

All targets reported less
than RL in
Table 5 of the SL CQAP

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and Table
13.1 inCQAP
-Perform instrument or column maintenance,
recalibrate, and reanalyze

Lab control sample (LCS)-
subset of targets in SL CQAP

(0r

Per batch
(If MS/MSD cannot be
performed, the LCS must
be performed in duplicate)

Recoveries within SL
CQAP Table 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and Table
13.1 in CQAP
-Perform instrument or column maintenance,
recalibrate, and reanalyze

ilf*1t-
S t>.
,8
32
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QC CHECK FREQUENCY ACEPTANCE
CRITERIA

CORRECTIVE
ACTION

Matrix spike(MS) and matrix spike duplicate (MSD) Per batch Recoveries within SL
CQAP Table 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and Table
13.1 in CQAP
-Perform instrument or column maintenance,
recalibrate, and reanalyze

Surrogates All samples, method
blanks, and QC

Recoveries within SL
CQAP Table 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and Table
13.1 in CQAP
-Perform instrument or column maintenance,
recalibrate, and reanalyze

Reporting limit standard
(required for FL DEP)

Daily Detected at reasonable
response

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard
-Remake and reanalyze standard
-Perform system maintenance and recalibrate

Initial demonstration of Capability(IDOC)-the analyst
has to perform the IDOC for either of the analogous
600 or 8000 series methods, not both.

Per analyst Within the 600- or 8000-
series method criteria

-Reanalyze QC sample for the targets that
failed to meet the criteria

Method detection limit(MDL) See CA90 See CA90 -Evaluate data. Check calculations
-Reanalyze MDL samples

i
If

i(a
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Appendix C
VG15 EXAMPLE CHROMATOGRAMS

CHROMATOGRAM
A
B
C
D
E
F
G
H

TARGET
gasoline
gasoline
mineral spirits
mineral spirits
lacolene
lacolene
gasoline + mineral spirits
gasoline + mineral spirits

DETECTOR
PID
FID
PID
FID
PID
FID
PID
FED
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Data Filt: /chem/VG/VCDPIDl.i/2D0304,b/mr04d38.d
Date : 06-HAR-97 08:52:00
Client ID; VCASOL 1.5
Sample Info; VGASOL 1.5~2D0304
Purge Volume: 25.0
Column phase: DB624

Pace 10

Instrument: VCDPID1.1

Operator: VCD
Column diameter; 0.53

2-

0-

e-;
6-

4-

Z-

0-

8-

6-

4-

2-

/chem/VC/VGDP I Dl . 1 /2D0304 . b/mr04d38 . d/mr 04d38 . HDR

5
u.I

3

10 12 14

iĴ -UtiU5jk:
16

Hin

Bso

I
?

\

*

18 20 22 24 26 28 30 32



Data File: /chem/VG/VCDFID2.i/2D0304.b/nr04d38.d
Date : 06-MAR-97 08:52:00
Client ID! VCASOL 1.6
Sample Info: VGASOL 1.5~2D0304

Column phase! DB624

Page 1

Instrument: VC.i

Operator: VGD
Column diameter: 0.53

7.4-:
7.2-i
7.0-1
6.8:
6.6-
6.4-j
6.2-i
6.0^
5.8-;
G.6-;
5.4-i
5.2-i
5.0-;
4.8-;
4.6-;
4.4:
4.2-;
4.0-;
3'813.6-;
3.4-;
3.2̂
3.0-;
2.8-;
2.6:
2.4-;
2.2-'
2.0-;
1.8-i
1.6-j

1.0-;
0.8-;
0.6-i

/chem/UC/VCDFID2.i/2D0304.b/nr04d38.d/nr04d38.HDR

10 12 14 16
Hin

18 20 22 24 26 28 30 32



D*t* Filet /chen/VC/VCDPIDl.!/2D0304.b/mr04d36.d
Date : 06-HAR-97 07;18;00
Client ID:
Sample Info: VHINER-900~2D0304
Purge Volume; 25.0
Column phase: DB624

Page 1

Instrument: VCDPIDl.i

Operator: VGD
Column diameter: 0.53

7.4:
7«2:
7.0:

6.8-;

6,6-

6.4-

6.2-

6.0-'

5.8-1

5.6-:

5.4-;
B.2:

5.0-
n .
o "'

4.2-]

4.0̂

3.8:

3.6-

3.4-

3.2-

3.0-

2.8-;

2.6-

2.4-;
2.2-

Xchem/VC/VCDPIDl.i X2D0304.b/nr04d36.d/nr04d36.HDR

10 12 14 16
Hin

18 20 22 24 26 28 30 32



Data Filet /oh«m/VG/VGDFID2.i/2D0304.b/nr04d36.d
Date : Ofc-HflR-97 07:18:00
Client ID: MINERAL SPIRITS
Sample Info; VH1NER-900~2D0304

Column phase; DB624

Pane 1

Instrument: VC.i

Operator: VCD
Column diameter: 0.63

/chom/VC/VGDFID2.i/2D0304.b/nr04d36.d/nr04d36.HDR

28 30 32



Data File: /chen/VC/VCDPIDl.i/2D0218.b/fbl8d!4.d
Date : 18-FEB-97 21:05:00
Client ID: VCLOC-800
Sample Info: UCLAC-800~2D0218
Purge Volume: 25.0
Column phase; DB624

Page 7

Instrument: VCDPIDl.i

Operator: VCD
Column diameter: 0.53

7.4:

7.2-

7.0-;

6,6-

6.4-

6.2-

6.0-

6.8-

5.2-

5.0:'

S 4.'* =

4.0-

3.8-;

3.6-;
3.4:

3'2:

3.0:'

2.8:

2.6-;

2.4-

/chem/VC/VCDPIDl.i/2D0218.b/fbl8d!4.d/fb!8d!4.HDR

I ^
o*

,
8 . 10 12 14 16 18 20 22

Hin
24 26 28 30 32



Data File: /chem/VC/VCDFID2.i/2D0218.b/gbl8d!4.d
Date : 18-FEB-97 21:05:00
Client ID: VCLOC-800
Sample Info: VGLflC-800~2D0218
Purge Volume: 25.0
Column phase: DB624

Page 1

Instrument: VGDFID2.1

Operator: VCD
Column diameter: 0.53 /̂

7.2:
7.0-j
6.8-
6.6:
6.4::

6.2-:

6.0-:
C.8-;
5.6-;

S.2-;
5.0-i
4.8-:
4.6-:
4.4:
4.2-j

3.4-1
3.2-:
3.0-;
2.8-1

2.6-;
2.4-;
2,2-:

2.0::

1.6-;

/chom/UC/VCDF I D2 . i /2D0218 . b/sbl8dl4 . d/ jbl8d!4 . HDR

10

l 1 J. 1 1 l_l 1 1 1 L 1.

10 12 14 16
Hin

18 20 22 24 26 28 30 32



Data File: /chem/VC/VGDPIDl.i/2D0304.b/mr04d39.d
Date : 06-HAR-97 09:38:00
Client ID; VHI/CS
Sample Info; UHI/GS ~2D0304
Purge Volume: 25.0
Column phase: DB624

Pate 11

Instrument: VCDPIDl.i

Operator; VCD
Column diameter; 0.53

/chen/VC/VCDPIDl.i/2D0304.b/mr04d39.d/nr04d39.HDR



Data File; /chem/VC/VCDFID2.l/2D0304.b/nr04d39.d
Date : 06-MAR-97 09:38:00
Client ID; VMI/CS
Sample Info; VHI/GS ~2D0304

Column phase: DB624

Pace 1

Instrument: VG.i

Operator: VCD
Column diameter: 0.63

/ch»ro/VC/VCDFID2.i/2D0304.b/nr04d39.d/nr04d39.HDR



CHANGE -IN-PROGRESS ATTACHMENT

SOP Document No: VM20:
SOP Description: Volatile Compounds by GC/MS (8260B)

Approval
Signature:

Title: Corporate OA Manager

iTJie following revisions or additions nave been madei to the referenced SOP.

Changes or updates to all sections are in bold type.

3.4 The exit vent of the splitless injector must have a carbon trap in-line to collect the
semivolatile compounds that are vented during the injection of the extract The traps should
be changed a minimum of every three months and disposed of in accordance with SL SOP
CA70: Waste Management.

6.2 Gas chromatograph, compatible with the MS and purge and trap systems. If the GC is
equipped with an injector that is operated in the split mode, the exit vent must have a carbon
trap in-line to collect the volatile compounds that are vented during the transfer from the
purge and trap device. The carbon traps should be changed a minimum of every' three
months.
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Approval
Signature:____ _ _ _ _

l£ Wayne KO&MJZS' ——. , -,
Title: Corporate QA Manager/ Date: Jc~h /^ /7/a

VOLATILE COMPOUNDS BY GC/MS (EPA 8260B)

1.0 SCOPE AND APPLICATION

1.1 This method can be used to determine the concentration of volatile organic compounds (VOC) in water, wastewater,
soils/sediments, wastes, oils, sludges, and solids. The attached quantitation report list the target compounds, an example of
the retention time order of each target compound, the quantitation and confirmation ions of the target compounds, and
internal standard assignments.

1.2 The reporting limit(RL), the method detection limit(MDL), and the accuracy and precision criteria for each target
compound are listed in Section 5 of the current revisions of the Savannah Laboratories' Comprehensive Quality
Assurance Plan and Corporate Quality Assurance Plan..

2.0 SUMMARY OF METHOD

2.1 Volatile organic compounds (VOC) are purged from the sample matrix with helium. The VOC are transferred from the
sample matrix to the vapor phase. The vapor is swept through a sorbent tube where the VOC are trapped. After the
purging is completed, the trap is heated and backflushed with helium to desorb the VOCs onto a GC column. The GC is
temperature-programmed to separate the VOC which are then detected by a mass spectrometer. Qualitative identification
of the target compounds in the sample is based on the retention time and the relative abundance of the characteristic
masses (ions) determined from standards analyzed on the same GC/MS under the same conditions. Quantitative analysis is
performed using the internal standard technique with a single characteristic ion.

2.2 Aqueous samples may be purged at ambient conditions (recommended) or at 40C (optional). Five to twenty-five milliliter
aliquots of the sample may be purged. The calibration standards and the associated QC must be analyzed under the same
conditions and volume.

2.3 Low level (<lmg/kg) soil samples are purged at 40C in a purge and trap instrument designed to add water and internal
standards to the vial without breaking the seal. The sample is stirred during purging to thoroughly mix the soil and water.
The calibration standards are purged under the same conditions. The minimum weight of sample that can be used for
direct purging is 1 g.

2.4 High level soils(>lmg/kg) and waste samples are extracted with methanol. A portion of the methanol extract is injected
into reagent water. The methanol extract/reagent water is purged at ambient temperature using the same instrument
conditions and calibration used for aqueous samples.

2.5 This method is based on the guidance in SW-846 Method 8260B.

2.6 Pentachloroethane is calibrated alone because it breaks down readily to form tetrachloroethene. If pentachloroethane is
added to a mixture containing tetrachloroethene, the response of tetrachloroethene is affected. When pentachloroethane is
requested, the following calibration procedure will be used:

1) An RL standard will be analyzed in each analytical clock. This standard will be used to
determine if pentachloroethane is present in the sample.

2) If pentachloroethane is detected in any sample above the RL, a five point curve is prepared and analyzed and the
samples are quantified against the curve. The curve must have a correlation coefficient >=0.99

VM20-Page 1 of 34
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3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedure that you do not understand or that will
put yourself or others in a potentially hazardous situation.

3.2 Each chemical compound should be treated as a potential health hazard. Exposure to these chemicals must be reduced to
the lowest level possible. Lab coats, gloves, eye protection, or other equipment should be used. Standards and highly
contaminated samples should be handled in a hood.

3.3 Material Safety Data Sheets (MSDS) are available to the analyst at each lab division. These sheets specify the type of
hazard that each chemical poses and the procedures that are used to safely handle these materials

4.0 INTERFERENCES

4.1 VOCs commonly used in the laboratory are potential sources of contamination. Methylene chloride, acetone, Freon-113,
MEK, hexane, toluene, and isopropanol are used in the laboratory and tend to present the most problems.

4.2 The volatiles lab must be kept as free from contamination as possible. Highly contaminated samples must be segregated
from routine samples. Contact with sections of the laboratory where solvents are used should be minimized. Refrigerator
blanks should be prepared, stored, and analyzed to evaluate the sample storage areas for possible contamination. Guidance
is provided in SL SOP ANIO.Segregation of Low and High Concentration Volatile and Semivolatile Samples.

4.3 Matrix interferences may be overcome by the use of the secondary ions for quantitation. An example of this is the use of
mass 82 for quantitation with chlorobenzene-d5 internal standard when a potential co-eluter, 1,1,1,2-terachloroethane, is a
target compound. One of the mass fragments of 1,1,1,2-tetrachloroethane is mass 117, which is the recommended
quantitation ion for chlorobenzene-d5. The use of the secondary ions should be used for quantitation in such cases when
the lab can clearly demonstrate matrix problems.

4.4 The analysis of highly contaminated samples (>lmg/L or >lmg/kg) can affect succeeding analyses. Carry-over can occur
when low concentration samples are analyzed after high concentration samples. Trap replacement and purging of the
entire purging system may be necessary when carry-over is suspected. Reagent blanks must be analyzed when carryover
is suspected to ensure that the system is free from contamination.

4.5 The Teflon seals of the purge and trap device can absorb and outgas many of the compounds that are included in this
method. These Teflon fittings should be periodically checked for integrity. If contamination of the fittings is suspected, the
fittings may be heated at 105 C for one hour or replaced.

5.0 SAMPLE COLLECTION, HANDLING, AND PRESERVATION

5.1 Liquid samples are collected with no headspace in 40mL vials equipped with Teflon-lined caps. The samples are acidified
at the time of collection with about 0. lOmL of concentrated HC1 per 40mL of sample. The acid prevents the biological
degradation of the aromatic compounds and prevents the dehydrohalogenation of some of the chlorinated alkanes. The
sample must be iced or refrigerated at 4C+/- 2C from the time of collection until analysis. The holding time for samples
preserved with HC1 is 14 days for all target compounds. The holding time for unpreserved samples is 7 days.

5.2 Soils: Soils are routinely collected m duplicate in Encore samplers. A "bulk" sample is also routinely collected in a 125-
mL jar fitted with Teflon-lined caps. The bulk sample can be used for direct purging by SW-846 Method 5030 or may be
used to prepare the methnol extraction if the concentration exceeds the working rrange of the analytical system.

Soils collected in Encore samplers must be analyzed within 48 hours of collection or must be transferred within 48 hours
to a sealed vial containing sodium bisulfate solution to preserve the sample. The hold time of the preserved sample is 14
days from the date of collection. The procedure for preparing soil samples is given in Section 9.2.

VM20-Page2of34
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5.3 High level soil and waste samples are collected in glass containers (usually 125-mL clear glass) equipped with Teflon-
lined caps. Soil samples may also be submitted as core samples contained in metal or plastic "tubes" or in 40-mL VOA
vials. The samples are iced at the time of collection and stored at 4C+/-2C. The holding time for soil and waste samples is
14 days from date of collection.

5.4 TCLP leachate samples are collected with no headspace in Tedlar bags or syringe. The leachate samples are acidified at
the time of collection (after the leaching procedure) with about 0. lOmL of concentrated HC1 per 40mL of sample and
stored at 4C +/- 2C from the time leaching is completed until the analysis. The acidified leachate sample must be analyzed
within 14 days of the leaching procedure If the sample is not acidified, the leachate must be analyzed within 7 days of the
leaching procedure.

NOTE: Samples that are suspected of having very high concentrations of VOC should be segregated from the "routine"
samples and stored in a manner that will minimize sample and laboratory contamination. See SL-SOP AN70. If possible,
keep the field QC in the same storage refrigerator as the samples.

6.0 APPARATUS AND MATERIALS

The apparatus and materials listed in this section may vary from lab to lab. The items listed are to give guidance and to
provide a general overview of the equipment employed in this analysis.

6.1 Mass spectrometer: HP5970, HP5971, or HP5972 equipped with a capillary direct interface

6.2 Gas chromatograph: HP5890 or equivalent GC equipped with a molecular jet separator

6.3 Purge and trap device

6.3.1 Tekmar 3000 Liquid Concentrator or equivalent

6.3.2 Autosampler: Tekmar 2016 or equivalent

6.3.3 Purging chamber: sparging vessel with purge tubes appropriate to the matrix and volume or weight of sample used.

6.3.4 Tekmar 3-ring trap, or equivalent, containing charcoal, Tenax, and silica gel. Other traps may be used as long as the target
compounds can be detected at the required quantitation limit.

6.4 Archon soil analyzer for low level soils, compatible with Tekmar purge and trap instruments. The instrument must be
capable of automatically adding water and internal standard to the container while maintaining the septum seal, heating
the sample to 40C, and spinning the stir bar to mix the sample during the purging step.

6.5 Data System compatible with the analytical system

6.6 Microsyringes: lOul, 25ul, 50ul, lOOul, 250ul, 500ul, 2.5mL

6.7 Gaslight syringe: 5mL, 25mL with luerlock tip

6.8 Volumetric flasks: l.OmL, lOmL, lOOmL

6.9 Recommended Columns

6.9.1 Restek 502.2: 60m x 0.53mm ID, 3.0um film

6.9.2 J&W DB-624: 75m x 0.53mm ID, 3.0um film

VM20-Page3of34
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7.0 REAGENTS

Reagents must be tracked in accordance with SL SOP AN44:Reagent Traceability.

7.1 Reagent water-free of volatile contaminants (obtained by purging with inert gas or carbon filtration)

7.2 Methanol-Burdich and Jackson, Purge and Trap grade

7.3 Sodium bisulfate-reagent grade. This salt is hydroscopic and should be stored in a dessicator

7.4 Soil preservation solution- Slowly add, while stirring, 200g of sodium bisulfate to a 1.0-L volumetric containing about
700mL of reagent water. After the salt has dissolved, dilute to volume with reagent water, transfer to a storage container,
and store the solution in an area free from VOC-especially water soluble solvents such as acetone.

8.0 STANDARDS

Calibration and spike solutions are prepared from either certified stock solutions purchased from vendors or from stock
standards prepared from neat materials. Certificates of analysis or purity must be received with all stock solutions or neat
compounds. All preparation steps must be in accordance with SL SOP AN41: Standard Material Traceability.

8.1 Preparation of Calibration Standards

8.1.1 Preparation of Stock Standards from Neat Compounds

The lab should attempt to obtain a certified primary standard or secondary standard before preparing stock standards from
neat materials. If primary stock standards must be prepared in-house, the target concentration range is from 2000ug/mL to
lOOOOug/mL. SL-SOP AN43: Standard Preparation gives the general instructions for the preparation of the stock
solutions from neat materials.

8.1.2 Preparation of the Working Standard from Stock Standards

The working standard is prepared from the primary stock standards that are either prepared from neat compounds or
purchased as certified solutions. The working standard contains one or more of the target compounds at a concentration
suitable for preparing the calibration standards, generally 10-200ug/mL. A known volume of the working standard is then
added to a known volume of reagent water to make the calibration standard.

Cs®Vs = Cws®Vws

The volume of stock standard needed to prepare a working standard is given by the following equation:

Cws <8> VwsVS = —— ——
Cs

where
Cs = concentration of stock standard(ug/mL)
Vs = volume of stock standard needed (mLJ
Cws= concentration of the working standard(ug/mL)
Vws = volume of working standard to be prepared (mL)
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EXAMPLE
Prepare 1 .OmL of a 25ug/mL working standard from a 2000ug/mL stock standard.

Cs 2000ng/mL

12.5uLofthe2000ug/mL stock standard is diluted to 1. OmL with methanol. The concentration of the working standard is
25ug/mL.

The standards and standard concentrations listed in Table 1 are the suggested for routine use. If other "recipes" are used,
the lab must document the standard preparation procedures in the standard traceability log.

8.1.3 Preparation of the Calibration Standards from the Working Standards

The calibration standards are the standards that are analyzed on the instrument. The calibration standard is made by adding
a known volume of the working standard to a known volume of reagent water. The instrument must be calibrated using a
minimum of five calibration standards. The lowest level standard must be at the reporting limit and the rest of the standards
will define the working range of the analytical system.

8.1.3.1 Add 5. OmL of reagent water to a 5mL glass syringe or 25ml of reagent water to a 25-ml glass syringe.

8.1.3.2 Add a known volume of the working standard (the following table or Vws below) to S.OmL or 25ml of reagent water.

Ccal®VcalVws = ——————
Cws

where
Ccal = concentration of the calibration standard(ug/L)
Veal = volume of the calibration standard to prepare(L)-0.0050L or 0.0250L
Cws = concentration of the working (secondary) standard(ug/mL)
Vws = volume of the working standard required to prepare the calibration standard(mL)

NOTE: The calibration standards for the Low level soils are prepared using the same procedures as for the 5mL water purge
except that the standards are purged at 40C. The lab has the option of using blank sand in the calibration standards.

The calibration standards listed in Table 1 are the suggested for routine use. If other "recipes" are used, the lab must document
these standard preparation procedures in the standard traceablity log.
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9.0 SAMPLE PREPARATION

Composite samples can be prepared using the guidance provided in SL-SOP AN70.

9. 1 Aqueous samples are analyzed directly by purge and trap/GC-MS. No sample preparation is necessary except to homogenize
the sample prior to subsampling. The pH of liquid samples is checked and recorded prior to analysis to determine if the sample
has been properly preserved.

9.2 Preparation of Soil Samples (5035)

9.2.1 Remove the Encore samples and the bulk sample from the storage area.

9.2.2 Test an aliquot of the bulk sample for the presence of carbonates.

Transfer 5g of sample from the bulk sample to a 40mL vial. .
Add 5ml of the sodium bisulfate solution and shake the vial .
If the sample exhibits effervescence, the Encore samples should be preserved as described above using 5mL of volatile-
free water in place of the sodium bisulfate solution and placed in a freezer at -10C. The analytical hold time for frozen
samples is 1 4 days from collection.
If no effervescence is noted, the Encore samples may be preserved with 5mL soil preservation solution.

9.2.3 Add a stir bar to a vial and weigh the vial and record its tare weight(or tare the vial and stir bar weight by pressing the
autotare button).

9.2.4 Transfer the sample from the Encore sampler to the tared vial and record the weight of the sample log.

If the sample effervesced during the carbonate test (9.2.2), add S.OmL of reagent water and freeze at -10C.
The hold time is 14 days from collection

If not, add S.OmL of the soil preservation solution, seal the vial, and store the sample at 4C until the time of
analysis. The preserved sample must be analyzed within 14 days of collection.

NOTE: A preparation blank is prepared when Encore samples are transferred. The preparation blank contains the
same reagents as the samples-cither 5mL of reagent water or 5mL of soil preservation solution.

9.3 A methanol extraction is prepared when the concentration of the target compounds (by direct purge) exceeds the
working range of the calibration curve. The bulk sample, collected in the 125-mL sample container, is used to prepare
the methanol extraction. Carry out the preparation quickly to minimize the loss of volatiles.

-Mix the sample with a stainless steel spatula and transfer 5g (+/- 0.5g) to a glass vial.

-Add 4uL of the surrogate spiking solution (2500ug/mL) to the sample and quickly add 5.0mL of purge and trap
grade methanol. The theoretical concentration of the surrogates in the sample, assuming a sample weight of 5.0g
and 100% percent solids, is calculated:

_, .. , . . nnnn ., ,Ct(uglkg,dw) = —— = 2WOug/kg,dWO.OOSOg ® solids

-Shake the sample for one minute. Allow the solvent to separate from the solids portion of the sample and transfer a 1 -2mL
aliquot of the extract to a storage vial. The vial should be sealed with no headspace. Store the methanol extract at 4C until the
time of analysis. The extract must be analyzed within 14 days of sample collection.
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-For each batch of twenty or fewer samples, prepare a method blank and a lab control standard. Prepare a matrix
spike and matrix spike duplicate at a frequency of 5% of all samples.

The method blank is prepared by adding 4uL of the surrogate spiking solution to 5.0mL of purge and trap grade
methanol. Assume a sample weight of 5.0g. Analyze 125uL of the extract.

The lab control standard is prepared by adding 4uL of the surrogate spiking solution and 4uL of the matrix
spiking solution to S.OmL of purge and trap grade methanol. Assume a sample weight of 5 .Og. Analyze 125uL of
the extract.

The matrix spikes are prepared by adding 4uL of the surrogate spiking solution (2500ug/mL) and 4uL of the
matrix spiking solution (2500ug/mL) to 5g aliquots of the sample selected for the MS/MSD. Quickly add S.OmL
of purge and trap grade methanol to each sample and shake for one minute. Analyze 125uL of the extract or a
smaller volume if the VOC concentration is high.

-Add 125uL of the extract (or a smaller volume if the VOC concentration exceeds the linear range of the system with
125uL) to S.OmL of water (or to 25mL if the calibration is based on 25mL). Add the internal standard solution and
analyze the sample using the ambient water calibration.

9.4 Methanol Extraction for Wastes

Carry out the preparation quickly to minimize the loss of volatiles.

9.4.1 Mix the sample with a stainless steel spatula and transfer 1 g (+/- 0.2g) to a glass vial.

9.4.2 Add lOuL of the surrogate spiking solution (2500ug/mL) to the sample and quickly add lOmL of purge and trap
grade methanol. If the sample is completely soluble in the methanol, dilute to a final volume of lOmL The theoretical
concentration of the surrogates in the sample, assuming a sample weight of 1 .Og, is calculated:

„. ,, , Q.Q10mL®250Qug/mL npnnn ,,Ct(ug/kg) = ——————————£—— = 250QOug/kg
O.QOlOg® solids

9.4.2 Shake the sample for one minute. Allow the solvent to separate from the solids portion of the sample and transfer a
1 -2mL aliquot of the extract to a storage vial. The vial should be sealed with no headspace. Store the methanol extract at
4C until the time of analysis. The extract must be analyzed within 14 days of sample collection.

For each batch of twenty or fewer samples, prepare a method blank and a lab control standard. Prepare a matrix spike
and matrix spike duplicate at a frequency of 5% of all samples.

The method blank is prepared by adding lOuL of the surrogate spiking solution (2500ug/mL) to lOmL of purge and trap
grade methanol. Assume a sample weight of 1 .Og. Analyze lOOuL of the extract.

The lab control standard is prepared by adding lOuL of the surrogate spiking solution (2500ug/mL) and lOuL of
the matrix spiking solution (2500ug/mL) to S.OmL of purge and trap grade methanol. Assume a sample weight of
S.Og. Analyze 125uL of the extract.

The matrix spikes are prepared by adding lOuL of the surrogate spiking solution (2500ug/mL) and lOuL of the
matrix spiking solution (2500ug/mL) to Ig aliquots of the sample selected for the MS/MSD. Quickly add lOmL of
purge and trap grade methanol to each sample and shake for one minute.
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Add lOOuL of the extract (or a smaller volume) to S.OmL of water (or to 25mL if the calibration is based on 25mL). Add
the internal standard solution and analyze the sample using the ambient water calibration.

NOTE: Waste samples will usually require significant dilution prior to analysis.

10.0 PROCEDURE

The following instrument conditions are recommended. The actual conditions may vary due to differences in instrumentation.
The lab must document the instrument conditions in the maintenance log, the data system, or on the analysis log.

10.1 Instrument Conditions

10.1.1 GC Conditions
GC conditions may vary according to the environment and condition of each instrument. The lab must document the instrument
conditions to assure consistent results and to aid in trouble-shooting the analytical system. Each lab is responsible for assuring
that the conditions necessary to achieve adequate separation and sensitivity of the target analytes are maintained.

10.1.1.1 Example GC temperature program(ambient cooling)

Initial column temperature: 35 C for 3 minutes
Column temperature program 1: 20C per minute
Intermediate column temperature: 70C for 4 minutes
Column temperature program 2: 10C per minute
Final column temperature: 200C for 5.25 minutes

10.1.1.2 Column flow: Approximately 5-10mL/minute helium with a make-up of 20-25mL/minute helium. Total flow into the jet
separator should be about 30mL/minute. The vacuum gauge on the jet separator will read about 0.5Torr.

10.1.1.3 Mass Spectrometer and interface parameters

Jet separator temperature: 240C
Mass spectrometer interface: 240C
Mass spectrometer source temperature: factory set at 300C
range: 35-300amu, with a minimum scan cycle of 1 scan per second

10.1.2 Purge and Trap Conditions
The purge and trap conditions listed in this section are for guidance. The lab must document the actual conditions used. The
purge time must be 11 minutes. Other parameters may be varied to optimize the detection of the target compounds.

10.1.2.1 "Three ring trap"-charcoal, Tenax, silica gel
Purge Time: 11 minutes

Purge temperature: aqueous-ambient; soils-heated 40C
Desorb time: 4 minutes
Desorb temperature: 180C
Bake time: 8 minutes at 225C
Purge flow: Approximately 20-30mL/minute
Valve temperature: 100C
Transfer line: 100C
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10.1.2.1 VOCARB 3000 trap
Purge Time: 11 minutes
Purge temperature: aqueous-ambient; soils-heated 40C
Desorb time: 4 minutes
Desorb temperature: 225C
Bake time: 8 minutes at 250C
Purge flow: Approximately 20-30mL/minute
Valve temperature: 100C
Transfer line: 100C

The purge flow must be balanced for adequate sensitivity of the target compounds. If the purge flow is too high, the response
of the gases will be Low and not reproducible. The SPCC criteria for chloromethane may not be achieved if the purge flow
is too high. If the purge flow is too low, the response of the more water soluble targets-ketones, ethers, bromoform-may be
low and the reporting limit may not be achieved on a routine basis.

10.2 Calibration

10.2.1 Fifty nanograms of 4-BFB must be analyzed at the beginning of each 12-hour clock as a check on the "tune" of the mass
spectrometer. Meeting the tuning criteria ensures that the instrument is measuring the proper masses in the proper ratios. The
4-BFB analysis takes place under the same instrument conditions as the calibration standards and samples except that a
different temperature program can be used to allow for the timely elution of 4-BFB. All other instrument conditions must be
identical-the mass range, scan rate, and multiplier voltage. If the instrument is configured for direct injection, 50ng of 4-BFB
may be injected directly on to the column. If the purge and trap is used to analyze the 4-BFB, the purge and trap conditions
must be the same as for the calibration standards and samples.

10.2.2 Evaluate the 4-BFB peak.

10.2.2.1 The chromatogram should exhibit acceptable baseline behavior and the 4-BFB peak should be symmetrical. A spectrum of
the baseline that shows high abundances of mass 40 (Argon) and mass 44 (carbon dioxide) may indicate a leak or
contaminated carrier gas.

10.2.2.2 The spectrum of the 4-BFB must meet the criteria listed in the attached SOP Summary. Background subtraction must be
straightforward and designed only to eliminate column bleed or instrumental background Scans +/- 5 scans from the apex can
be evaluated for the 4-BFB criteria. Consecutive scans within this range can be averaged to meet the criteria.

10.2.2.3 The following records must be kept for each 4-BFB analysis that meets the criteria:
- the date, time, and data file of the analysis
- a spectrum of the scan or averaged scans
- a tabulation of the ion abundances of the scan

10.2.2.4 The 4-BFB analysis should be evaluated as to the relative size of the 4-BFB peak under the m/z 95 profile. A benchmark area
window should be established for each instrument. Response outside of this window suggests instrumental problems such as
a poor purge, clogged jet separator, leak in the Tekmar purging device, reduced or elevated detector sensitivity, improper
electron multiplier voltage selection, wrong tune method or tune file selected for this analysis, PFTBA valve left open, or other
anomalies.

10.2.2.5 If the 4-BFB fails to meet the acceptance criteria, the instrument may require tuning (manually or automatically with PFTBA).
Depending on the nature of the results from the 4-BFB analysis, other corrective measures may include remaking the 4-BFB
standard and/or cleaning the mass spectrometer source.
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1 0.2.3 After the 4-BFB criteria has been met, the initial calibration standards are analyzed

10.2.3. 1 Prepare the initial calibration standards. The lab must document the "recipe" used to prepare the calibration standards. An
example of a standard preparation is given in Section 8.

10.2.3. 1 . 1 Remove the plunger from the syringe and fill the barrel to overflowing with reagent water (syringe valve in the
"red" position).

10.2.3.1.2 Replace the plunger, switch the syringe valve to "green", and force any airspace out of the syringe. Adjust the volume
to the syringe volume(5mL or 25mL)

10.2.3.1.3 Briefly remove the syringe valve and inject the standards and internal standards into the syringe.

NOTE: Use the internal standard (1ST) mix when preparing the calibration standards for analysis. The surrogates are already
included in the standard mixes.

1 0.2.3.2 Load the standard(s) onto the purge and trap device and begin the analysis. All pertinent information concerning the standards
must be recorded on the analysis log. The standards must be clearly identified and traceable to the preparation steps.

NOTE: The standards for low level soil samples are prepared in the same manner as the 5mL standards. The standards for
the low level soils are purged at 40C. The lab has the option of using blank sand or soil in the calibration standards and the
blank in the low level soil analysis.

1 0.2.3.3 After the acquisition has taken place, evaluate the calibration standards to ensure that each target compound, surrogate, and
internal standard has been correctly identified. The analyst must be careful to complete this step before proceeding.

1 0.2.3.4 After each target compound, surrogate, and internal standard has been correctly identified, the relative response factor for each
target compound and surrogate is calculated using the data system or using a PC spreadsheet as follows:

RRF - (

where
Ax = area of the characteristic ion for the compound being measured
Ais = area of the characteristic ion for the internal standard associated with the compound being measured (see the attached
quantitation report for a list of the compounds that are associated with the various internal standards)
Cx = concentration or mass on-column of the target compound being measured (ug/L or ug/kg OR ng or ug on-column)
Cis = concentration or mass on-column of the internal standard (ug/L or ug/kg OR ng or ug on-column)

10.2.3.5 The average relative response factor (RRF avg) is calculated for each target compound and each surrogate compound:

nnr, RRFJ+RRF2 + ....RRFavg =
n

where n = number of calibration levels
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10.2.3.6 Calculate the standard deviation (SD) for the target compounds and surrogates at all calibration levels:

_

^-(RFi-RFavgf

n-1

where
Rfi = response factor of a target compound in the individual calibration level
Rfavg = average response factor
n= number of calibration levels

10.2.3.7 Calculate the relative standard deviation (% RSD) of the calibration levels for each target:

%RSD - ^andard deviation
RRFavg

10.2.3.8 The results of the initial calibration are evaluated against the Calibration Check Compound(CCC) criteria and the System
Performance Check Compound (SPCC) criteria. The CCC and SPCC criteria are listed below. The CCC and SPCC criteria
must be met before samples can be analyzed.

Calibration Check Compounds - CCC Vinyl chloride, 1,1-dichloroethene, chloroform,
1,2-dichloropropane, toluene, ethylbenzene

Initial Calibration

Less than 30% RSD

Continuing Calibration

<20% difference from initial calibration

System Performance Check Compounds-SPCC

SPCC

Chloromethane

1,1-Dichloroethane

Chlorobenzene

Bromoform

1 ,1 ,2,2-Tetrachloroethane

5g/5mL
minimum RRF

0.10

0.10

0.30

>0.10

0.30

25mL
minimum RRF

0.10

0.10

0.10

>0.10

0.10

NOTE: The CCC and SPCC criteria must be met even if the calibration curve option is used for quanu'tation.
If the CCC and SPCC criteria do not pass, a new calibration curve must be prepared and analyzed.

The results for all target compounds are evaluated for linearity. If the %RSD is less than 15%, the calibration curve is assumed
linear through the origin and the average response factor can be used for quantitation. If the average response factor for the
target exceeds 15% (including any CCC), the analyst must use the calibration curve option.

NOTE: The lab has the option of using a calibration curve for all analytes. This is the recommended course of action-especially
for data systems that cannot automatically calculate the relative response factors.
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10.2.4 The results can be used to plot a calibration curve of response ratios-Ax/Ais is plotted on the y-axis; Cx/Cis is plotted on the
x-a\is where

Ax= area of the characteristic ion for the compound being measured
Ais = area of the characteristic ion for the internal standard associated with the compound being measured (See attached
quantitation report for a list of the compounds that are associated with the correct internal standard)
Cx = concentration or mass on-column of the target compound being measured (ug/L or ug/kg OR ng or ug)
Cis = concentration of the internal standard (ug/L or ug/kg OR ng or ug)

A regression curve may be used to define the concentration/response relationship. If the correlation coefficient of the
regression curve is greater than 0.99, the curve can be used to quantify samples. The analyst must ensure that the type of
regression curve selected accurately defines the concentration/response relationship over the entire calibration range.

NOTE: Linear regression curves must be used for South Carolina DHEC compliance samples. See pre-project plans and
client QAPs for other exceptions to using non-linear curve fitting.

10.2.5 After the calibration criteria has been met, the method blank is analyzed. 5.0mL or 25mL of reagent water is spiked with the
internal standard/surrogate and analyzed. The concentrations of the target compounds in the method blank are calculated and
the results are compared to the reporting limits (RL) in Table 5 of the SL CQAP or other specified QAP.

10.2.5.1 If the concentrations of all target compounds are below the RL, analysis of client samples can take place. Note that all target
compounds must meet the criteria.

10.2.5.2 If the concentration of any target compound is above the RL in Table 5 of the SL CQAP, the method blank must be reanalyzed.
The analytical system must be demonstrated to be free from contamination before the analysis of samples can take place.

If the method blank repeatedly fails to meet the criteria, contact the immediate supervisor to determine the cause of the problem
and to determine a course of action. This action may include re-cleaning the sparging tubes (with soap, hot water, and
methanol), purging the effected autosampler ports with heated methanol, flushing the purge and trap ALS concentrator with
methanol, replacing the trap, changing the transfer line, and changing the column. A method blank is then analyzed after taking
the corrective action to demonstrate that the contamination has been eliminated. Once the system is determined to be free from
contamination, sample analysis may begin. Method blanks may be required after the analysis of samples that contain very high
levels of VOC.

10.3 Continuing Calibration Verification

10.3.1 At the beginning of each 12-hour clock, the tune of the instrument must be checked by the analysis of 50ng of 4-BFB. This
criteria must be met before the analysis of the calibration check standards can take place.

10.3.2 After the tune criteria has been met, a continuing calibration check standard(s) is analyzed. The continuing calibration standard
should be a nominal concentration of 50ug/L-kg for 5ml/5g and 1 Oug/L for 25mL with ketones and poor purgeables at higher
concentrations. The CCC and SPCC criteria must be met before the analysis of the method blank can take place. The percent
difference (%D) is calculated as follows:

96D = RRFavg

where
RRFavg = average response factor from initial calibration
RRFccv = response factor from the check (12-hour) standard-calibration verification
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The percent drift (%Drift) may also be used to evaluate the change/deviation of the curve:

%Dnft = °~CcCV®100a
where
Ci = Calibration Check Compound standard concentration
Cccv = measured concentration using the selected quantitation method

NOTE: The CCC and SPCC criteria must be met even if the calibration curve option is used for quantitation. If this
criteria is not met, corrective action must be taken. The corrective action may include reanalysis of the calibration check
standard or preparation of a new secondary stock standard and reanalysis of the calibration check standard. If subsequent
analysis of the standard is still out of criteria, a new initial calibration curve must be analyzed.

10.3.4 The calibration standard must also be evaluated for internal standard retention time and area.

10.3.4.1 If the retention time of any internal standard changes by more than 30 seconds from the last 12-hour calibration check, the
analytical system must be inspected for problems and corrective action instituted.

10.3.4.2 If the extracted ion current profile (EICP) area for any of the internal standards changes by more than a factor of two (-50%
to +100%) from the last calibration check standard, the analytical system must be inspected for problems and corrective action
instituted.

10.3.5 After the continuing calibration criteria has been met, the method blank is analyzed. S.OmL or 25mL of reagent water is spiked
with the internal standard/surrogate and analyzed. The concentrations of the target compounds in the method blank are
calculated and the results are compared to the reporting limits (RL) in Table 5 of the SL CQAP.

10.3.5.1 If the concentrations of all target compounds are below the RL, analysis of client samples can take place. Note that all target
compound must meet the criteria.

10.3.5.2 If the concentration of any target compound is above the RL in Table 5 of the SL CQAP, the method blank must be reanalyzed
The analytical system must be demonstrated to be free from contamination before the analysis of client samples can take place.
Refer to Section 10.2.5.2 for suggested corrective action.

10.4 Sample Analysis

10.4.1 Aqueous Samples-Soil or 25mL sample
This method allows the use of either a 5mL sample volume or a 25ml sample volume. The analyst must use the same volume
as was used for the calibration standards-if a 5mL sample is used, it must be quanted off of the 5mL calibration curve; if a 25ml
sample is used, it must be quanted off of the 25mL calibration curve. Samples are analyzed only after the 4-BFB criteria, the
initial or continuing calibration criteria has been met, and the method blank criteria has been met.
See the SOP Summary for the analytical sequence.
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10.4.1.1 Remove the samples to be analyzed from the refrigerator and allow the samples to come to ambient temperature.

10.4.1.2 Put on a pair of gloves before transferring the sample from the vial to the syringe. The sample is most likely preserved with
acid or may contain toxic or hazardous chemicals or biologically active components that may cause skin irritations. Gloves
must be worn when handling samples.

10.4.1.3 Mix the contents of the vial by inverting the vial several times. Check to see if there are air bubbles present in the sample. If
air bubbles are present, use another vial if available. Make a note on the analysis log if the sample used contained bubbles and
notify the supervisor and/or the project manager.

10.4.1.4 Remove the plunger from the glass syringe. Attach a syringe valve to the syringe Luer-up to prevent sample from spilling out
of the syringe when sample is added.

10.4.1.5 Open the vial of the well mixed sample and gently pour the sample into the syringe barrel. The sample should fill the barrel
of the syringe and overflow to allow trapped air bubbles to escape.

10.4.1.6 Replace the plunger into the syringe barrel. Try not to let air bubbles get into the barrel. If air bubbles are present, turn the
syringe up, open the syringe valve , and expel the air while adjusting the volume to S.OrnL or 25mL. If no air bubbles were
trapped, adjust the syringe to volume.

NOTE: For TCLP leachate samples, use 1.25mL of sample (1:4 dilution).

10.4.1.7 Open the syringe valve and inject the internal standard/surrogate (ISSU) mix into the sample.

10.4.1.8 Transfer the sample from the syringe to the purge and trap device. Record all of the sample identification information on the
analysis log. Check the pH of the sample with pH paper and record the pH on the instrument log or other appropriate log.

10.4.1.9 Analyze the samples using the purge and trap and GC/MS conditions used for the initial and continuing calibration standards.

10.4.1.10 Determine the concentration of the samples andQC items. If the concentration of a sample is above the highest
calibration standard, the sample must be diluted and reanalyzed.

10.4.1.10.1 A dilution is made when a volume of the sample is mixed with the reagent water to a final volume of S.OmL or 25ml,
depending on which curve is being used. The dilution reduces the concentration of the original sample to bring the
concentration into the working range of the calibration curve.

10.4.1.10.2 The dilution factor is calculated by dividing the volume of sample into the volume used for the calibration
curve.

final volume of dilution(mL)Dr — —————————————————
volume of sample used(mL)

For example, if 1 .OmL of sample is diluted to final volume of S.OmL, the dilution factor is 5. (5.0/1.0 = 5). If 1 .OmL of sample
is diluted to a final volume of 25mL, the dilution factor is 25 (25/1=25).
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The following table gives some dilution factors:

Volume of Sample
(mL)

5.0

2.5

1.0

0.5

0.10

25.0

5.0

2.5

1.0

0.50

0.10

Volume of Reagent Water
(mL)

0

2.5

4.0

4.5

4.9

0

20.0

22.5

24.0

24.5

24.9

Final Volume
(mL)

5.0

5.0

5.0

5.0

5.0

25.0

25.0

25.0

25.0

25.0

25.0

Dilution
factor

1

2

5

10

50

1

5

10

25

50

250

NOTE: The same volume of internal standard/surrogate mix (ISSU) is added to the dilution as was added to the undiluted
sample.

10.4.2 Low Level Soil Samples by Heated Purge and Trap (Method 5030)

This method allows the use of 1 g to 5 g aliquot of the subsample. The well mixed soil sample is combined with 5mL of water
containing the internal standard and surrogates in a soil sparging vessel. The sample is purged at 40C. The working calibration
range of the low level procedure is nominally 5ug/kg to lOOOug/kg. Samples are analyzed only after the 4-BFB criteria, the
initial or continuing calibration criteria has been met, and the method blank criteria has been met

10.4.2.1 Remove the samples to be analyzed from the refrigerator and allow the sample to come to ambient temperature.

10.4.2.2 Put on a pair of gloves before transferring the sample from the vial to the sparging vessel. The sample may contain toxic or
hazardous chemicals or biologically active components that may cause skin irritations. Gloves must be worn when handling
samples.

10.4.2.3 Mix the contents of the container by stirring the sample with a spatula. The sample must be homogenized before an aliquot
is weighed into the sparging vessel. Weigh 1 g to 5g of the sample into the sparging vessel. Attach the sparging vessel to the
autosampler. Record the weight of sample, to the nearest 0.1 g, on the analysis log. Do not use less than 1 g of sample for the
low level soils.

10.4.2.4 Remove the plunger from the glass syringe. Attach a syringe valve to the syringe Luer-tip to prevent reagent water from spilling
out of the syringe. Add reagent water to the syringe and adjust the volume to 5.0mL.

10.4.2.5 Open the syringe valve and inject the internal standard/surrogate (ISSU) mix into the reagent water. Add the reagent water
with the ISSU mix to the sparging vessel.

10.4.2.6 Attach the heater jacket or other heating device to the sparging vessel and analyze the samples using the same conditions used
for the initial and continuing calibration standards-purge temperature for low level soils is 40C. Record the sample information
on the analysis log.
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10.4.2.7 Determine the concentration of the samples and QC items. If the concentration of a target compound is above the highest
calibration standard, a smaller sample aliquot is weighed and analyzed. Do not use less than 1 g of sample for the low level
soils. If the concentration of a target compound exceeds the linear range using a 1-g aliquot of soil, the medium level soil
extraction must be used.

Sample Size

5.0g

l.Og

MeOH extractions

5gto lOmL-
0.1 OmL of extract

5gto lOmL-
O.OSOmL of extract

5gto lOmL-
0.025mL of extract

5gto lOmL-
0.01 OmL of extract

Nominal low range for
concentration*

5ug/kg

25ug/kg

500ug/kg

1 OOOug/kg

2000ug/kg

5000ug/kg

Nominal High range for
concentration*

200ug/kg

1 OOOug/kg

20000ug/kg

40000ug/kg

80000ug/kg

200000ug/kg

* the nominal concentration is based on a 25ng on-column quantitation. Compounds with higher quantitation limits will be
proportionally higher.

10.4.3 Low Level Soil Samples by Heated Purge and Trap (Method 5035)

10.4.3.1 Remove the samples to be analyzed from the refrigerator and allow the sample to come to ambient temperature. Inspect the
vial for cracks or obvious breaches in the septum.

10.4.3.2 Weigh the sample on a top-loading balance and record the weight in the sample logbook. Calculate the weight of sample by
subtracting the tare weight of the container from the weight of the sample and container:

Weight(g) = W2-W\

where
W2 = weight of container, sample, stir bar, and preservative(g)
Wl = tare weight of the container, stir bar, and preservative(g)

Be sure to account for the weight of extraneous materials affixed to the container.

10.4.3.3 Load the samples on to the soil purging unit. Standards and QC items must be analyzed under the same heated purge and trap
conditions.
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10.5.3 Analysis of Methanol Extracts of Soils and Wastes

The methanol extraction is used when the concentration of one or more target compounds exceeds the linear range of the low
level purge technique (>1000ug/kg). Samples are analyzed only after the 4-BFB criteria, the initial or continuing calibration
criteria has been met, and the method blank criteria has been met. Medium level soil extracts are quanted using the ambient
purge calibration curve. Sample preparation steps are included in Section 9.

10.5.3.1 Remove the plunger from the 5.0-mL syringe and fill the barrel to overflowing with reagent water(synnge valve in the "red"
position).

10.5.3.2 Replace the plunger, switch the syringe valve to "green", and force any airspace out of the syringe. Adjust the volume to the
syringe volume(5mL)

10.5.3.3 Briefly remove the syringe valve and inject the sample extract( maximum of lOOuL) and5uL of the internal standard (1ST)
solution into the syringe.

NOTE: Use the internal standard(IST) mix when preparing the medium level samples. Recall that the surrogates have already
been added to the sample prior to methanol extraction.

10.5.3.4 Load the sample on to the purge and trap device and begin the analysis. All pertinent information concerning the samples must
be recorded on the analysis log. The samples must be clearly identified and traceable to the extraction log. These conditions
must be the same as was used for the initial and continuing calibration standards-ambient purge for aqueous samples.

10.5.3.5 Determine the concentration of the samples and QC items using the procedures of Section 11. If the concentration of a sample
is above the highest calibration standard, a smaller aliquot of the methanol extract is reanalyzed.

NOTE: It is possible to dilute the surrogates in the sample extract below the linear range of the calibration curve. The
minimum extract aliquot that can be used to provide a quantifiable result for the surrogates and matrix spikes is 0.020mL
(20uL). It is not probable that the recovery of the surrogates would be 100%, which is necessary to provide a quantifiable
result using a O.OlOmL(lOuL) aliquot of the extract.

mL Methanol Extract-5g to lOmL MeOH

0.100

0.050

0.020

0.010

0.0050

Surrogates- theoretical ng on-column

250

125

50

25-quantitation limit

12. 5 -below the quantitation limit
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11.0 DATA ANALYSIS/CALCULATIONS

11.1 Qualitative Analysis

11.1.1 Target Compounds

A target compound is identified by the visual comparison of the sample mass spectrum with the mass spectrum of the target
compound from the daily calibration standard or a reference spectrum of the target compound stored in a library generated on
the same instrument or a standard spectral library such as the NIST/NBS.

11.1.1.1 Two criteria must be met in order to positively identify a compound.

1) elution of the sample component within +/-0.06 RRT (relative retention time) units of the daily standard containing that
compound.

retention time of the target compound
retention time of the associated internal standard

2) correspondence of the target compound spectrum and the standard component mass spectrum

11.1.1.2 All ions present in the standard component mass spectrum at a relative intensity greater than 10% (most abundant ion = 100%)
should be present in the sample component mass spectrum. Other ions may be present in the sample component. Coelution
of a non-target compound with a target compound will make the identification of the target compound more difficult. These
ions due to the non-target compound should be subtracted from the sample component spectrum as part of the background
to account for the discrepancy between the sample spectrum and the standard spectrum.

11.1.1.3 The relative intensities of the ions present in the sample component spectrum should agree within +/- 30% of the relative
intensities of the ions in the standard reference spectrum. For example, an ion with an abundance of 50% in the reference
spectrum should have a corresponding abundance between 20% and 80% in the sample component spectrum.

11.1.1.4 If the above criteria are not met exactly, the analyst should seek help from a senior analyst or supervisor. If there is sufficient
evidence to support the identification of the component, then the component is identified, quantified, and reported.

11.1.2 Tentatively Identified Compounds

For samples containing components not associated with the calibration standards, a library search on a reference library, such
as the NIST/NBS, may be conducted in order to identify the non-target compounds. Only after visual comparison between the
sample spectra and the library-generated reference spectra will the mass spectral analyst assign tentative identification.
Tentative identifications of non-targets will be made only by analysts having completed the training specified in the training
schedule.

11.1.2.1 Relative intensities of the major ions (masses) in the reference spectra (ions >10% of the most abundant ion) should be present
in the sample spectrum.

11.1.2.2 The relative intensities of the major ions should agree within +/-30%.

11.1.2.3 Molecular ions present in the spectrum should be present in the sample spectrum.

11.1.2.4 Ions present in the sample spectrum but not in the reference spectrum should be reviewed for possible subtraction from the
sample spectrum because of over-lapping or co-eluting peaks.

11.1.2.5 Ions present in the reference spectrum but not in the sample spectrum should be reviewed for possible subtraction from the
sample spectrum because of coeluting peaks.
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11.1.2.6 If, in the opinion of the analyst, there is enough evidence to support the tentative identification of a compound even though the
above criteria is not met exactly, the peak may be considered tentatively identified. The analyst should consult other analysts
or the mass spectral interpretation specialist if there are any questions concerning an interpretation of spectra.

11.1.2.7 The estimated concentration of the tentatively identified compound (TIC) is calculated using the total ion area of the tentatively
identified peak and total ion area of the nearest internal standard that has no interferences. The calculation is

Aqueous
CisTIC(ng/L) = ® AREAtic ® DF

AREAis
where
Cis = concentration of the internal standard, ug/L
AREAis = total ion peak area of the internal standard
AREAtic= total ion peak area of the TIC
DF = dilution factor

Soils by Heated P/T

Ci<: 5 OeTIC (ug/kg,chv) = ® AREAtic®- *
AREAis (W)(solids)

where
Cis = concentration of the internal standard, ug/kg
AREAis = total ion peak area of the internal standard
AREAtic= total ion peak area of the TIC
W = weight of sample analyzed, g
solids = decimal equivalent of percent solids

Soils by Methanol Extraction

Cii VealTIC (ug/kg,dw) = ® AREAtic®—————
AREAis (W)(solids)

where
Cis = concentration of the internal standard, ug/kg
AREAis = total ion peak area of the internal standard
AREAtic= total ion peak area of the TIC
Veal = volume that calibration curve is based on (5mL or 25mL)
solids = decimal equivalent of the percent solids(percent solids/100)
W = weight of sample added to the reagent water (g)

This weight is determined using the following equation:

=
 Wext(s) ®Vext(mL)

Vf(mL)

where
Wext = weight of sample extracted (g)
Vf = final volume of the extract (mL)
Vext = volume of extract added to the water (mL)
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11.2 Calculations for Samples-Internal Standard Technique

11.2.1 Aqueous Samples

11.2.1.1 If the relative response factor is used, the calculation for samples is :

A /*"*'

concentration(ug/L) = ——0———— ®DF6 Ais RRFavg
where
Ax = area of the characteristic ion of the compound being measured
Ais = area of the characteristic ion of the internal standard
Cis = concentration of the internal standard (ug/L)
RRFavg = average response factor of the compound being measured
DF = dilution factor

11.2.1.2 If a regression curve is used, the concentration is given:

concentration(ug/L) = concentration(curve) ® DF

where
DF = dilution factor

11.2.1.3 The reporting limit (RL) for each sample is given:

RL(ug/L) = RLqapQDF

where
DF = diludon factor. The SL CQAP Table 5 RL(RLqap) assumes a DF of 1.

11.2.2 Soils by Heated P/T

11.2.2.1 If the relative response factor is used, the calculation for samples is :

concentration(ug/Tfg,dw) = ——® ———— 0————S Ais RRFavg (W)(solids)

where
Ax = area of the characteristic ion of the compound being measured
Ais = area of the characteristic ion of the internal standard
Cis= concentration of the internal standard (ug/kg)
RRFavg = average response factor of the compound being measured
W = weight of sample added to the sparging vessel (g)
solids = (percent solids)/! 00)
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11.2.2.2 If the regression curve is used, the concentration is given:

5.0gconc(ug/kg,dw) = Ccurve(ng/kg) <8>

where
Ccurve = concentration from curve(ug/kg)
W = weight of sample added to the sparging vessel (g)
solids = (percent solids)/! 00)

11.2.2.3 The reporting limit (RL) for each sample is given:

5.0g

(W)(solids)

RL = RLqap®
(W) (solids)

where
W = weight of sample added to the sparging vessel (g)
solids = (percent solids)/! 00)

The SL CQAP assumes W= 5.0g and solids = 1.

11.2.3 Methanol Extraction Soils and Wastes

11.2.3.1. If the relative response factor is used, the calculation for samples is :

* . < , • / / ? , * > Ax «* C's ~ Vc°lconcentration(ug/kg, aw) = —- ® -
Ais RRFavg (W)(solids)

where
Ax = area of the characteristic ion of the compound being measured
Ais = area of the characteristic ion of the internal standard
Cis= concentration of the internal standard (ug/L)
RRFavg = average response factor of the compound being measured
Veal = volume that calibration curve is based on (5mL or 25mL)
solids = (percent solids)/! 00)
W = weight of sample added to the reagent water (g)

This weight is determined using the following equation:

Vf(mL)

Wext = weight of sample extracted (g)
Vf = final volume of the extract (mL)
Vext = volume of extract added to the water (mL)
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11.2.3.2 If the regression curve is used, the concentration is given:

Vealconc(ug,kg,dw) = Ccurve(ug/L)
(W)(solids)

where
Veal = volume that calibration curve is based on (0.005L or 0.025L)
W = weight of sample added to the reagent water (g)-defined above(l 1.2.3.1)

11.2.3.3 The reporting limit (RL) for each sample is given:

5.0g
(W)(solids)

RL = RLqap®

where
W = weight of sample added to the reagent water (g)
solids = (percent solids)/! 00)

The SL CQAP assumes W= 5.0g and solids = 1.

12.0 QUALITY ASSURANCE/QUALITY CONTROL

12.1 The analytical batch consists of up to twenty client samples and the associated QC items that are analyzed together. The matrix
spike and LCS frequency is defined in AN02: Analytical Batching. Note that the method blank for liquid samples and low
level soils is clock-specific and that the method blank for medium level soil samples is batch-specific.

SL-SOP AN02: Analytical Batching describes the procedure for evaluating batch-specific QC. This criteria is summarized
in the attached 8260 SOP Summary.

SL SOP AN02 also contains the calculations for accuracy and presicion and the calculations for the theoretical coraMicns
of surrogates, lab spikes, and matrix spikes.

12.2 Initial Demonstration of Capability (IDOC ) to Generate Acceptable Accuracy and Precision

Each analyst must demonstrate competence in the analysis of samples by this procedure. The minimum criteria for this
demonstration is the preparation and analysis of spiked reagent water. Section 8.3 of EPA Method 8260A gives the general
procedure for the performance of the IDOC and Table 6 of EPA Method 8260A gives the acceptance criteria for the accuracy
and precision.

12.3 Method Detection Limit

The method detection limit is determined in accordance with SL SOP CA90.
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13.0 PREVENTIVE MAINTENANCE

Preventive maintenance items will be added at a later date. Section 10 of the CQAPs contain guidance on preventive
maintenance.

14.0 TROUBLE-SHOOTING

Trouble-shooting items will be added at a later time. See instrument manufacturers' manuals for guidance on locating and
repairing instrument problems.

15.0 REFERENCES

1. Savannah Laboratories' Comprehensive Quality Assurance Plan and Savannah Laboratories ' Corporate Quality
Assurance Plan, current revisions.

2. Method 8260B. Test Methods for Evaluating Solid Wastes, Third Edition, SW-846, U.S. EPA Office of Solid Waste and
Emergency Response: Washington, DC.
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Appendix A

VOLATILES BY GC/MS WORKING STANDARDS -EXAMPLE

These standards can be used to prepare the working standards for EPA Method 8260 to report the TCL (target compound list)
compounds and the extended list of target compounds generally associated with EPA 8260. The standards are prepared in
purge and trap grade methanol and are stored at 4C with minimum headspace.

Working Standard 1 (TCL WS-1)

STOCK
STANDARD

VOA Cal #2

VGA Cal #3

VOA Cal #4

1,2,-DCB

1,3-DCB

1,4-DCB

2-CEVE

CONC
(ug/mL)

2000

2000

2000

5000

5000

5000

1000

microliters of stock to
final volume of 1 .OmL

12.5

12.5

12.5

5.0

5.0

5.0

125

STD CONC
(ug/mU

25

25

25

25

25

25

125

Working Standard 2 (TCL WS-2)

Working Standard for GASES (TCL GASES)

STOCK
STANDARD

VOA Cal #1

8260
Surrogates

CONC
(ug/mL)

5000

2500

microliters of stock to final
volume of l.OmL

25

10

STD CONC
(ug/mL)

125

25

STOCK
STANDARD

502.2
Cal 1

CONC
(ug/mL)

2000

microliters of stock to final
volume of 1 .OmL

12.5

STD CONC
(ug/mL)

25
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Appendix A

Working Standard 3 (8260 WS-3)

STOCK
STANDARD

8260 Custom Mix
#1

8260
Custom Mix
#2

Ul, 2,2-
Tetrachloroethane

CONC
(ug/mL)

200

200

2000

microliters of stock to final
volume of 1 .OmL

125

125

12.5

STD CONC
(ug/mL)

25

25

25
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Appendix A

Internal Standard (8260 ISTD)

STOCK
STANDARD

VGA ISTD

l,2-DCE-d4

CONC
(ug/mL)

2500

2000

microliters of stock to final
volume of 1 .OmL

20

25

STD CONC.
ug/mL

50

50

Internal Standard/Surrogate (8260 ISSU)

STOCK
STANDARD

VOA ISTD

l,2-DCE-d4

8260
Surrogate

CONC
(ug/mL)

2500

2000

2500

microliters of stock to final
volume of 1. OmL

20

25

20

STD CONC
(ug/mL)

50

50

50

Tune Evaluation Standard (4-BFB)

STOCK
STANDARD

4-BFB

CONC
(ug/mL)

5000

microliters of stock to final
volume of 1 .OmL

10

STD CONC.
ug/mL

50

Matrix Spike Standard (5-component subset)

STOCK
STANDARD

Matrix Spiking
Solution

CONC
(ug/mL)

2500

microliters of stock to final
volume of 1 .OmL

20

STD CONC.
ug/mL

50

TCLP matrix Spike Standard (5-component subset)

STOCK
STANDARD

TCLP Spiking
Solution

CONC
(ug/mL)

2000

microliters of stock to final
volume of 1 .OmL

16

STD CONC.
ug/mL
125
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Appendix A

VOLATILES BY GC/MS CALIBRATION STANDARDS - EXAMPLES

The following calibration standards are prepared to define the working range of the EPA 8260 analysis for the target compound
list (TCL) and the extended list of compounds generally associated with EPA 8260. The lowest level standard is at the
reporting limit and the other standards define the working range. Samples with target analytes above the concentration of the
highest calibration standard must be diluted and reanalyzed.

TARGET COMPOUND LIST

Working Level
standards

TCLWS-1

TCL WS-2

TCL GASES

TCL ISTD

Cone
(ug/mL)

25/125

125

25

50

TCL-1
*

1.0

1.0

1.0

5.0

TCL-2
*

2.0

2.0

2.0

5.0

TCL-3
*

5.0

5.0

5.0

5.0

TCL-4
+

10.0

10

10

5.0

TCL-5
*

20.

20

20

5.0

TCL-6
^

40

40

40

5.0

*uL of the working standard added to S.OmL of reagent water or to 5.0g of blank sand.

8260 EXTENDED LIST (TCL+ADDITIONAL COMPOUNDS)

Working Level
standards

TCL WS-1

TCL WS-2

8260 WS-3

TCL GASES

TCL ISTD

Cone
(ug/mL)

25/125

125

25

25

50

8260-1
*

1.0

1.0

1.0

1.0

5.0

8260-2
+

2.0

2.0

2.0

2.0

5.0

8260-3
*

5.0

5.0

5.0

5.0

5.0

8260-4
*

10.0

10

10

10

5.0

8260-5
*

20.

20

20

20

5.0

8260-6
*

40

40

40

40

5.0
*uL of the working standard added to S.OmL of reagent water or to 5.0g of blank sand.

CONCENTRATIONS OF THE CALIBRATION STANDARDS-S.OmL OR 5.0g

Cal Std

TCL- 1,8260-1

TCL-2,8260-2

TCL-3,8260-3

TCL-4,8260-4

TCL-5,8260-5

TCL-6,8260-6

all targets except
ketones, 2-CEVE

5ug/l-kg

lOug/1-kg

25ug/l-kg

50ug/l-kg

lOOug/1-kg

200ug/l-kg

ketones, 2-CEVE

25ug/l-kg

50ug/l-kg

125ug/l-kg

250ug/l-kg

500ug/l-kg

lOOOug/1-kg
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Appendix A

VOLATILES BY GC/MS CALIBRATION STANDARDS-25mL Purge Volume-EXAMPLES

These calibration standards are prepared to define the working range of the EPA 8260 analysis for the target compound list (TCL) and
the extended list of compounds generally associated with EPA 8260. The standards are based on a volume of 25mL to achieve lower
quantitation limits for the target compounds. The lowest level standard is at the reporting limit and the other standards define the working
range. Samples with target analytes above the concentration of the highest calibration standard must be diluted and reanalyzed.

TARGET COMPOUND LIST

Working Level
standards

TCLWS-1

TCL WS-2

TCL GASES

TCL ISTD

Cone
(ug/mL)

25/125

125

25

50

25TCL
-1*

1.0

1.0

1.0

5.0

25TCL
-2*

2.0

2.0

2.0

5.0

25TCL-
3*

5.0

5.0

5.0

5.0

25TCL
-4*

10.0

10

10

5.0

25TCL-
5*

20.

20

20

5.0

25TCL-
6*

40

40

40

5.0

*uL of the working standard added to 25mL of reagent water.

8260 EXTENDED LIST (TCL+ADDITIONAL COMPOUNDS)

Working Level
standards

TCLWS-1

TCL WS-2

8260 WS-3

TCL GASES

TCL ISTD

Cone
(ug/mL)

25/125

125

25

25

50

258260-
1*

1.0

1.0

1.0

1.0

5.0

258260
-2*

2.0

2.0

2.0

2.0

5.0

258260-
3*

5.0

5.0

5.0

5.0

5.0

258260-
4*

10.0

10

10

10

5.0

258260-
5*

20.

20

20

20

5.0

258260-
6*

40

40

40

40

5.0
*uL of the working standard added to 25mL of reagent water.

CONCENTRATIONS OF THE CALIBRATION STANDARDS

Cal Std

25TCL- 1,25-8260-1

25TCL-2,25-8260-2

25TCL-3,25-8260-3

25TCL-4,25-8260-4

25TCL-5,25-8260-5

25TCL-6,25-8260-6

all targets except
ketones, 2-CEVE

l.Oug/1

2.0ug/l

5.0ug/l

lOug/1

20ug/l

40ug/l

ketones, 2-CEVE

5.0ug/l

lOug/1

25ug/l

50ug/l

100ug/l

200ug/l
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Appendix B

8260 SOP SUMMARY

HOLD TIMES

MATRIX

Aqueous

Aqueous

Soil/solid(low level)

Soil/solid(high level)

TCLP

Preservative/
storage*

none; 4C

HC1 pH<2; 4C

Ig sodium bisulfite; 4C

none; 4C

HClpH<2;4C

Container

40mL no headspace

40mL-no headspace

pre-weighed 40mL vial
with Teflon-lined cap

Glass 125mL

Tedlar bag

Hold Time

7 davs

. 1 4 davs

1 4 days

1 4 days

1 4 days

*storage temperature is 4C with a control criteria of less than 6C with no frozen samples

ANALYSIS SEQUENCE

INITIAL CALIBRATION

4-BFB 50ng on column
Clock starts at injection

Calibration standards-
minimum of five cal levels

Method blank

Samples analyzed until the 12-hour clock expires

CONTINUING CALIBRATION

4-BFB 50ng on column
Clock starts at injection

Mid point calibration verification (50ug/L)
RL Standard-low point on cal curve (if necessary)

Method blank

Samples analyzed until 1 2-hour clock expires

4-Bromofluorbenzene Criteria

m/z

50

75

95

96

173

174

175

176

177

Ion Abundance Criteria

15.0-40.0% of m/z 95

30.0-60.0% of mass 95

Base peak, 100% relative abundance

5.0-9.0% of mass 95

Less than 2.0% of mass 174

Greater than 50% of mass 95

5. 0-9.0% of mass 174

Greater than 95.0% but less than 101.0% of mass 174

5.0-9.0% of mass 176
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Appendix B

CALIBRATION ACCEPTANCE CRITERIA

Calibration Check Compounds - CCC
Vinyl chloride, 1,1 -dichloroethene, chloroform, 1,2-dichloropropane, toluene, ethylbenzene

Initial Calibration

Less than 30% RSD

Continuing Calibration

<=20% difference or drift from initial calibration

System Performance Check Compounds-SPCC

SPCC

Chloromethane

1,1-Dichloroethane

Chlorobenzene

Bromoform

1 , 1 ,2,2-Tetrachloroethane

5g/5mL
minimum RRF

0.10

0.10

0.30

>0.10

0.30

25mL
minimum RRF

0.10

0.10

0.10

>0.10

0.10

NOTE: The CCC and SPCC criteria must be met even if the calibration curve option is used for quantitation. If the CCC and
SPCC criteria do not pass, a new calibration curve must be prepared and analyzed.

The results for all target compounds are evaluated for linearity. If the %RSD is less than 15%, the calibration is assumed linear
through the origin and the average response factor can be used for quantitation. If the average response factor for the target
exceeds 15% (including any CCC), the analyst must use the calibration curve option.

NOTE: The lab has the option of using a calibration curve for all analytes. This is the recommended course of action-especialry
for data systems that cannot automatically calculate the relative response factors.

A regression fit may be used to define the concentration/response relationship. If the correlation coefficient of the
regression curve is greater than 0.99, the curve can be used to quantify samples. The analyst must ensure that the
curve accurately defines the concentration/response relationship over the entire calibration range.

NOTE: Linear regression curves must be used for South Carolina DHEC compliance samples. See pre-project plans and client
QAPs for other exceptions to using non-linear curve fitting.

Recommended Internal Standards:
1,2-dichloroethane-d4; 1,4-difluorobenzene; chlorobenzene-d5; 1,4-dichlorobenzene-d4

Surrogates/System Monitoring Compounds:
dibromofluoromethane; toluene-d8; 4-bromofluorobenzene, l,2-dichlorobenzene-d4

LCS/MS: CQAP Subset:
1,1-dichloroethene; benzene; trichloroethene; toluene; chlorobenzene
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QC Check Frequency Acceptance Criteria Corrective Action

MS Tune Check - 50ng 4-BFB Before initial and continuing calibration
standards - every 12 hours

Mass abundances within method
acceptance criteria

-Evaluate chromatogram and spectrum
- Reanalyze
- Retime MS and reanalyze
- Remake standard and reanalyze
- Perform instrument maintenance and
reanalyze

Initial Calibration - minimum five point
curve with lowest point at or below the
Reporting Limit (RL)

Initially; after major instrument
maintenance; whenever continuing
calibration check fails. Prior to analysis
of method blank and samples

Method criteria for CCC/SPCC
(see -Calibration Acceptance Criteria -
Table presented earlier in this document)

- Evaluate chromatograms, spectra, and
integrations
- Reanalyze standard(s)
- Remake and reanalyze standard(s)
- Perform instrument maintenance and
recalibrate

Continuing Calibration check - midpoint
standard

Every 12 hours before analysis of method
blank and samples

Method criteria for CCC/SPCC
(see Calibration Acceptance Criteria -
Table presented earlier in this document)

- Evaluate chromatogram, spectra,
integrations
- Reanalyze standard
- Remake and reanalyze standard
- Recalibrate
- Perform instrument maintenance and
recalibrate

Method Blank Every 12 hours (per clock) before
sample analyses

All reported targets <RL -Evaluate chromatogram and
integrations. Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instrument or column
maintenance, recalibrate, and reanalyze

01r
II
II
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Appendix B

QC Check Frequency Acceptance Criteria Corrective Action

Lab Control Sample (LCS)

-subset of target compounds

Each batch
(LCS/LCSD if MS/MSD not performed)

SL CQAP Section 5 -Evaluate chromatogram and
integrations. Check calculations.
-Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instrument or column
maintenance, recalibrate, and reanalyze

Matrix Spike/Matrix Spike Duplicate
(MS/MSD)

-subset of target compounds

Each batch SL CQAP Section 5 -Evaluate chromatogram and
integrations. Check calculations.
-Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instrument or column
maintenance, recalibrate, and reanalyze

Surrogates All samples, blanks, LCS, MS SL CQAP Section 5 -Evaluate chromatogram and
integrations. Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instrument or column
maintenance, recalibrate, and reanalyze

Internal Standard Area Evaluate Continuing Calibration Check
ISTD areas versus previous midpoint
calibration standard; Evaluate samples,
blanks, LCS, MS

-50% to +100% of area of Continuing
Calibration Standard

-Evaluate chromatogram and
integrations. Check calculations.
-Reanalyze

0)
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QC Check

Reporting Limit Standard
-lxto2xtheRL

Initial Demonstration of Capability

Method Detection Limit (MDL)

Frequency

(Optional) Daily.
Required for Florida DEP

Per analyst

See SL SOP CA90

Acceptance Criteria

Detected with reasonable response

Method criteria

See SL SOP CA90

Corrective Action

-Hvaluate chromatogram, spectra, and
integrations
-Reanalyze
-Remake standard and reanalyze
-Retune and recalibrate
-Perform instrument maintenance and
recalibrate

-Reanalyze targets that do not meet
criteria

-Reanalyze and re-evaluate

(0
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EXAMPLE QUANTITATION REPORT

-quantitation ions
-internal standard and target compound association
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Method file

COMPOUND LISTING

: /chem/VM/MSI5971.i/li0102.b/i-l8260-rn.m

Compound

9 TRICHLOROTRIFLUOROETHANEU

10 1 1-DICHLOROETHENE

11 IODOMETHANE
.

12 HETHYLENE CHLORIDE

13 CARBON BISULFIDE

14 ACROLEIN

15 trans-1 2-DICHLOROETHENE

16 VINYL ACETATE

17 1 1-DICHLOROETHANE-.

18 2-BUTANONE

19 2 2-DICHLOROPROPANE

20 cis-1 2-DICKLOROETHENE

M 21 1, 2-DICHLOROETHENE (total)
22 ACRYLONITRILS

\

23 CHLOROFORM

24 SROMOCHLOROMETKANE

RT

9.544
9.544
9.544
9.134
9.134
9.134
9.112
9.112
9.480
9.480
9.480
9.523
9.523
8.421
8.421

10.408
10.408
10.408
11.013
11.013
10.732
10.732
10.732
11.424
11.424
11.770
11.770
11.445
11.445
11.445

7.590
9.501
9.501
9.501

11.726
11.726
11.726
11.640
11.640
11.640

RT Window

8.801-10.288
8.801-10.288
8.801-10.288
8.390-9 .878
8.390-9.878
8.390-9.878
8.368-9.856
8.368-9.856
8.736-10.223
8.736-10.223
8.736-10.223
8.779-10.267
8. 779-10. 2S7
7.678-9.165
7.678-9.165
9.664-11.152
9.664-11.152
9.664-11.152

10.269-11.757
10.269-11.757
9.989-11.475
9. 989-11. 47S
9.989-11.476

10.680-12.167
10.680-12.167
11.026-12.513
11.026-12.513
10.701-12.169
10.701-12.189
10 .701-12.189

7.016-8.164
8.757-10.245
8.757-10.245
8.757-10.245

10.982-12.470
10.982-12.470
10.982-12.470
10.896-12.383
10.895-12.383
10.896-12.353

p_p

1.50S
0.000
0.000
0 . 0 0 0
0.784
0 .000
0.630
0.000
0.000
0.901
0.000
2.774
0.000
0.034
0.000
0.000
0.865
0 . 0 0 0
1.722
0 .000
1.828
0 .000
0.000
0.383
0.000
1.387
0.000-.
0 .000
C . 9 2 6
0 . 0 0 0
0 .896
0 . 2 4 7
0 .000
0.000
1.669
0 .000
0.000
0.000
0 .000
C.418

Mass

101. 00
151.00
103.00

61.00
9 6 . 0 0
98 .00

141 . 90
126.90

4 9 . 0 0
84.00
86. 00
76 .00
78.00
56.00
55.00
61.00
5 6 . 0 0
58 .00
43 .00
86. 00
63 .00
65.00
83.00
43 .00
72 .00
77. 00
41. 00
61.00
55. 00
5 8.. 00

100. '00
53 .00
52 .00
51. 00
63 . 00
65 .00
47 . 00
45 .00

125.90
127 . 90

SAVANNAH LABORATORIES



Method file

COMPOUND LISTING

: /chem/VM/MSI5971.i/li0102.b/i-l8260-m.m

Compound

93 CHLOROPRENE

$ 25 DIBROMFLUOROMETHANE

* 26 1,4 -DIFLUOROBENZENE

, i
. 2711 1- TRI CHLOROETHANE

28 i I-DICHLOROPROPENE'

29 CARBON TETRACHLORIDE

30 1 2-DICHLOROETHANE

31 BENZENE

•
32 TRICHLOROETHENE

33 1 2-DICHLOROPROPANE

34 3ROMODICHLOROMETHANE

35 DIBROMOMETHANE

35 2 - CKLOROETKYL VINYL ETHER

RT

11.010
11.010
11.878
11.878
11.878
13.477
13.477
13.477
12.591
12.591
12.591
12.829
12.829
12.829
13.045
13.045
13.045
12.504
12.504
12.504
13.131
13.131
13 .131
13.995
13.995
13 .995
13 .952
13.952
13.952
14.082
14.082
14.082
13 .887
13 .867
13.887
14.587
14.587
14.687

RT Window

10.278-11.742
10.278-11.742
11.134-12.621
11.134-12.621
11.134-12.621
12.668-14.285
12.668-14.285
12.668-14.285
11.782-13.399
11.782-13.399
11.782-13.399
12.020-13.637
12.020-13.637
12.020-13 .637
12.236-13.853
12.236-13 .853
12.236-13.853
11.696-13 .313
11.696-13 .313
11.696-13.313
12.322-13 .940
12.322-13 .940
12.322-13 .940
13.187-14.804
13.187-14.804
13.187-14.804
13. 144-14 '.751
13.144-14 .761
13.144-14 .751
13.273-14.890
13.273-14 .890
13.273-14.890
13.079-14 .696
13.079-14 .696
13.079-14.695
13.878-15.495
13.678-15.495
13.878-15.495

XT

0.000
0.000
0.000
0.000
1.127
0.000
0.000
0.000
0.576
0.000
0.000
0.525
0.000
0.000
0.461
0.000
0.000
0.500
0.000
0.000
1.275
0.000
0.000
0.352
0.000
0.000
0.520
0.000
0.000
0 . 502
0.000
0.000
0.337
0.000
0.000
0.334
0.000
0.000

Mass

53 .00
88.00

110.90
81.00

112.90
114 . 00
63 . 00
88.00
97.00
99.00
61.00
75.00

110.00
77.00
116.90
118.90
120.90
52.00
49.00
54.00
78.00
50.00
51.00

129.90
95 .00

131 . 90
£3 .00
75.001
55 .00
£3'.-00!
SS-.OO

129.00
S3 .00

173 .80
S5 .00
S3 .00
55 .00

106.00
i



Method file

COMPOUND LISTING

/chem/VM/MSI5971.i/li0102 .b/i-18260-m.m

Compound

37 4-METHYL-2-PENTANONE (MIBK

38 cis-l,3-DICHLOROPROPENE

$ 39 TOLUENE -d8
•\
l'

40 TOLUENE

41 trans-l,3-DICKLOROPROPENE

42 1 1 2-TRICKLOROETHANE

43 1 3-DICHLOROPROPANE

44 1 2-DIBROMOETHANE

* 45 CKLOROBENZENE-dS

46 2-KEXANONE

4 7 TETRACKLOROETHENE

48 DI3ROMOCKLOROMETKANE
\

49 CKLOROEENZENE

50 1 1 1 2 - TETRACXLOROETHANE

RT

15.205
15.205
15.205
14.989
14.989
14.989
16.005
16.005
16.005
16.113
16.113
16.113
15.616
15.616
15.616
'15.854
15.854
15.854
16.200
16.200
16.200
16.956
16.956
18.209
18.209
18.209
16.502
16.502
17.215
17.215
17.215
16.610
16.610
16.610
18.274
18.274
18.274
18.111
18.111
18.111

RT Window

14.397-16.014
14.397-16.014
14.397-16.014
14.181-15.798
14.181-15.798
14.181-15.798
15.196-16.813
15.196-16.813
15.196-16.813
15.304-16.922
15.304-16.922
15.304-16.922
14.807-16.424
14.807-16.424
14.807-16.424
15.045-16.662
15.045-16.662
15.045-16.662
15.391-17.008
15.391-17.008
15.391-17.008
16.147-17.765
16.147-17.765
17.116-19.301
17.116-19.301
17.116-19 .301
15.40S-17.5S5
15 .409-17.595
16.123-18 .308
16.123-18.308
16.123-18.308
15.518-17.703
15.513-17.703
15.51S-17.703
17.181-19.366
17.131-19.366
17.131-19.365
17.020-19.202
17.020-19.202
17.020-19.202

R?

0.528
0.000
0.000
0.662
0.000
0.000
1.095
0.000
0.000
0.000
0.730
0.000
0.478
0.000
0.000
0.000
0.296
0.000
0.675
0.000
0.000
0.447
0.000
0.000
0.000
0 .000
C.S58
0 . 0 0 0
G . 0 0 0
0.701
0 . 0 0 0
0.637
C . O O O
0 . 0 0 0
1.301
0 .000
0 .000
0 . 0 0 0
C . O O O
C . O O O

Mass

43 .00
57.00
58.00
75 .00
77.00

110 .00
98 . 00

100.00
70.00
91.00
92 .00
65.00
75.00
77.00

110.00
97 .00
S3 .00
99 .00
76 .00
78 .00
41.00

107.00
109 . 00
117 . 00

8 2 . 0 0
115 . 00

43 .00
5S .00

1 = 5 . 90
1=3 .90
157.90
12= .90
125.90
130.90
112 .00

77.00
51.00

130.90
132 .90
US. 00



Method file

COMPOUND LISTING

: /chem/VM/MSI5971.i/li0102 .b/i-18260-m.m

Compound

51 ETHYL BENZENE

52 m,p-XYLENE

53 o-XYLENE

t

M 54 XYLENE (total)
55 STYRENE

56 BROMOFORM

57 1 1 2 2 -TETRACHLOROETHANE '

94 PENTACHLOROEHTANE
•

* "58 1,4-DICHLOROBENZENE d4

59 trans-l,4-DICHLORO-2-BUTEN

60 ISOPROPYLBENZENE

$ 61 p-3ROMO?LUOR05ENZENE

62 1 2 3 -TRICHLORO PRO PANE

63 n-PROPYLBENZZNE

RT

18.576
18.576
18.576
18.900
18.900
18.900
19.527
19.527
19.527
15.657
19.419
19.419
19.419
19.073
19.073
19.073
19.527
19.527
19.527
21.072
21.072
21.072
22.230
22.230
22.230
19.787
19.787
19.787
20.089
20.089
20.089
20.154
20.154
20.154
19.743
19.743
20.803
20.803
20.803

RT Window

17.483-19.669
17.483-19.669
17.483-19.669
17.807-19.992
17.807-19.992
17.807-19.992
18.434-20.619
18.434-20.619
18.434-20.619
15.083-16.231
18.326-20.511
18.326-20.511
18.326-20.511
17.980-20.165
17.980-20.165
17.980-20.165
18.434-20.619
18.434-20.619
18.434-20.619
19.996-22.146
19.996-22.146
19.996-22.146
20.896-23.564
20.896-23.554
20.896-23.564
18.452-21.120
18.452-21.120
18. 452-21'. 1'20
18.755-21.423
18.755-21.423
18.755-21.423
18.820-21.483
18.820-21.488
18.820-21.488
18.409-21.077
18.409-21.077
19.459-22.135
19.459-22.135
19.459-22.135

R5"

2.279
0.000
0.000
0.000
0.829
0.000
0.000
0.844
0.000
0.844
1.456
0.000
0.000
0.822
0.000
0.000
1.337
0.000
0.000
0.000
0.000
0.000
0.000
c.ooo
0.000
0.349
0.000
0.000
2.7S5
0.000
0.000
1.365
0.000
0.000
0.341
0.000
2.183
0.000
0.000

Mass

91.00
106.00
51.00
91.00

106.00
77.00
91.00

106.00
77.00
106.00
104.00
78.00

103.00
172.80
170.80
173 .80
83 .00
85.00

168.00
167.00
130.00
130.00
150.00
152.00
115.00
53 .00
53 .00
89.00

1C5 .00
120.00
77:-00
95 .00

174 .00
17= .00
110.00
112 .00
91.00

120 .00
65 . 00

. U I • S I- 0 .' •



Method file

COMPOUND LISTING

: /chem/VM/MSI5971.i/li0102 .b/i-18260-m.m

Compound

64 BROMOBENZENE

65 2-CHLOROTOLUENE

66 1 3 5 -TRIMETHYLBENZENE

i'
67 4-CHLOROTOLUENE

68 tert-BUTYLBENZENE

69 1 2 4 -TRIMETHYLBENZENE

70 sec-BUTYLBENZENE

71 p-ISOPROPYLTOLUENE

72 1 3-DICHLOR03ENZENE

73 I 4-DICHLOR03ENZENE

74 H-BUTYL3ENZENZ

\

75 1 2-DICHLOR05ZNZENE

76 1 2 -DIBROMO-3 -CHLOROPROPAN

RT.

20.479
20.479
20.479
20.933
20.933
20.933
21.279
21.279
21.279
21.062
21.062
21.062
21.711
21.711
21.711
21.884
21.884
21.884
22.057
22.057
22.057
22.360
22.360
22.360
22.165
22.165
22.165
2 2 . 2 7 3
2 2 . 2 7 3
22 .273
23 .009
2 3 . 0 0 9
2 3 . 0 0 9
2 2 . 8 3 6
22.836
22 .836
23.593
23.593
23.593

RT Window

19.145-21.812
19.145-21.812
19.145-21.812
19.598-22.266
19.598-22.266
19.598-22.266
19.945-22.612
19.945-22.612
19.945-22.612
19.728-22.396
19.728-22.396
19.728-22.396
20.377-23.044
20.377-23.044
20.377-23.044
20.550-23.217
20.550-23.217
20.550-23.217
20.723-23.390
20 .723-23 .390
20.723-23.390
21.02S-23.694
21.02S-23.694
21.026-23.694
20.831-23.499
20. 831-23. 4S9
20 .831-23 .499
2 0 . 9 3 9 - 2 3 . 6 0 7
2 0 . 9 3 5 - 2 3 . 6 0 7
20 .935 -23 .607
21 .575-24 .343
21 .675-24 .343
21.675-24.343
21.502-24.169
21. 502-24. 16S
21.502-24.169
2 2 . 2 5 9 - 2 4 . 9 2 5
2 2 . 2 5 3 - 2 4 . 9 2 6
2 2 . 2 5 5 - 2 4 . 9 2 6

?^r

0 . 0 0 0
0.850
0 .000
2.217
0 . 0 0 0
0.000
2.210
0.000
0.000
2.928
0.000
0.000
1.661
0.000
0.000
2.028
0.000
0 .000
3 .406
0 . 0 0 0
0.000
2.391
0 . 0 0 0
0 .000
1.112
0 . 0 0 0
c . o o o
1.792
C . O O O
G . 0 0 0
2 . 9 7 3
G . O O O
C . O O O
1.430
C . O O O
C . O O O
0.461
0 . 0 0 0
C . O O O

Mass

7 7 . 0 0
156.00
158 .00

91. 00
126.00

63 .00
105.00
120.00

7 7 . 0 0
91.00

126.00
63 .00

119.00
91.00

134 .00
105 . 00
120.00

77 .00
105.00
134 .00

91. 00
119.00
134 .00

91.00
146 . 00
148 .00
111.00
146.00
148 . 00
111. .00

91.00
92 .00

134 .00
146 .00
148 .00
111.00

7 5 . 0 0
155 .90
154 . 90



Method file

COMPOUND LISTING

: /chem/VM/MSI5971.i/li0102.b/i-l8260-m.m

Compound

77 1 2 4 -TRI CHLOROBENZENE

78 HEXACHLOROBUTADIENE

79 NAPHTHALENE
,t

80 1 2 3 -TRI CHLOROBENZENE

86 ACETONITRILE
'

87 3-CHLORO-l-PROPENE
*

88 PROPIONITRILZ

89 METHACRYLONITRILE
.

.90 ISOBUTANOL

91 METHYL METHACRYLATE

92 ETHYL METHACRYLATE

95 METHYL T- BUTYL ETKER

96 TETRAHYDROFURAN

97 1 4-DIOXANE

98 2-PICOLINE

RT

25.883
25.883
25.883
26.467
26.467
26.467
26.359
26.359
26.359
26.727
26.727
26.727
8.573
8.573
9.588
9.588
10.948
10.948
11.488
11.488
12.180
12.180
14.341
14.341
16.286
16.286
16.286
11.250
11.250
1.000
1.000
1.000
1.000
.1.000
1.000
1.000

RT Window

24.549-27.217
24.549-27.217
24.549-27.217
25.133-27.801
25.133-27.801
25.133-27.801
25.025-27.692
25.025-27.692
25.025-27.692
25.634-27.819
25.634-27.819
25.634-27.819
7.829-9.316
7.829-9.316
8.844-10.331
8.844-10.331
10.205-11.692
10.205-11.692
10.745-12.232
10.745-12.232
11.436-12.924
11.436-12.924
13.533-15.150
13.533-15.150
15.193-17.378
15.1S3-17.378
15.193-17.378
10.6S3-12:i55
10.S53-12.155
0.500-1.500
0.500-1.500
0.500-1.500
O.S80-1.020
0.580-1.020
0.530-1.020
O.S80-1.020

R5

1.606
0.000
0.000
1.332
0.000
0. 000
2.172
0.000
0.000
1.369
0.000
0.000
0.079
0.000
1.070
0.000
0.081
0.000
0.305
0.000
0.046
0.000
0.201
0.000
0.619
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0 . 000
0 .000
0.000
0.000

Mass

179.90
181.90
145 .00
224 .80
222.80
189.90
128 .00
102.00
51.00
180.00
182.00
109.00
41.00
40.00
41.00
76.00
54.00
55.00
67.00
52.00
43.00
41.00
69.00
41.00
69.00
41.00
39.00
73 .00
£7.00
42.00
72 .-00
0 .00

S3 .00
53 .00
93 .00
66.00



SG65:01.12:99:4

Title : Corporate QA Manager

CHLORINATED HERBICIDES
(615 and 8151A)

1.0 SCOPE AND APPLICATION

1.1 This procedure can be used to determine the concentration of various chlorinated herbicides in water,
groundwater, leachate, soil, sediment, and waste samples extracts. Table 1 lists the target compounds and
the retention times for each target compound.

1.2 The reporting limit (RL), the method detection limit (MDL), and the accuracy and precision criteria are
given in Section 5 of the current revisions of the Savannah Laboratories' quality assurance plans.

2.0 SUMMARY OF METHOD

2.1 A known volume or weight of sample is extracted in accordance with SL SOP EX45. The extracted
chlorinated herbicide methyl derivatives are analyzed by gas chromatography (GC) configured with dual
capillary columns and dual electron capture (EC) detectors. This configuration allows for simultaneous
detection and confirmation of the herbicides. Identification of the target compounds in samples is done by
comparing the retention times of the peaks with standards analyzed under the same GC conditions.

GC/MS confirmation may be employed if the target compound concentration is sufficiently high or if the
extract is concentrated to an appropriate final volume. The esterified extract must be used for the GC/MS
confirmation-do not use the 8270 extract.

2.2 This SOP is based on the guidance in SW-846 Method 8000B and Method 8151A and EPA Method 615.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or that will put you or others in potentially dangerous situations.

3.2 The toxicity or carcinogenicity of each reagent used in this method has not been precisely defined. Each
chemical compound should be treated as a potential health hazard. Exposure to these chemicals must be
reduced to the lowest level possible. Lab coats, gloves, and eye protection(lab glasses or face shields),
must be worn. Standards and highly contaminated samples should be handled in a hood.

3.3 Material Safety Data Sheets (MSDS) are available to the analyst at each lab division. These sheets specify
the type of hazard that each chemical poses and the procedures that are used to safely handle these
materials.

3.4 Diethyl ether is a flammable solvent and it must be used in a well-ventilated hood or extraction area The
solvent vapors will tend to accumulate along the floor. High concentrations of diethyl ether can cause
drowsiness, dizziness, and headache.

4.0 INTERFERENCES

4.1 Method interferences may be caused by contaminants in solvents, reagents, or glassware. The glassware
must be scrupulously cleaned (SL SOP AN60: Glassware Cleaning Procedures). All of the materials and
reagents must be demonstrated to be free from contaminants by the analysis of reagent blanks (method
blanks). Glassware and/or extraction vessels that have not been properly cleaned may contribute artifacts
that make identification and quantification of the target compounds difficult.

4.2 Matrix interferences may be caused by contaminants that are extracted from the sample matrix. The sample
may require dilution prior to analysis to reduce or eliminate the interferences. The extraction procedure
described in SL SOP EX45 has several steps that are designed to eliminate or minimize interferences due to
sample matrix.

__„ _ , .„ CSI SAVANNAH LABORATORIES
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SG65:01.12:99:4

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5.1 Aqueous samples are routinely collected in 1-L amber glass containers equipped with Teflon-lined caps.
No preservative is required. The sample is iced at the time of collection and stored at 4C (kss than 6C
with no frozen samples) in the lab. Sample must be extracted within seven (7) days of collection and the
extract must be analyzed within forty (40) days of extractioa

TCLP leachate samples are stored in the same manner as aqueous field samples. The extraction must be
performed within seven(7) days of the leaching procedure and the extract analyzed within forty (40) days of
extraction

5.2 Soils, sediments, sludges, and wastes are collected in glass containers equipped with Teflon-lined caps.
The routine container is 500-mL glass. Larger or smaller containers may be supplied. No preservative is
required. The samples are iced at the time of collection and stored at 4C (less than 6C with no frozen
samples) in the lab. The hold time for herbicides in solid and non-aqueous matrices is 14 days from the
date of collection. The extract must be analyzed within 40 days of extraction.

6.0 APPARATUS AND MATERIALS

6.1 Gas chromatograph equipped with dual electron capture detectors and automatic liquid samplers.

6.2 Recommended Columns:

J&W DB-5 fused silica column, 30M x 0.53mm ID, 1.5um film
J&W DB-608 fused silica column, 30M x 0.53mm ID, 0.83um film

6.3 Data system compatible with the GC and capable of detecting and storing chromatographic data. Nelson
2600 or equivalent

6.4 Autosampler vials, septa, and caps

6.5 Microsyringes- 10-uL, 25-uL, 50-uL, 100-uL

7.0 REAGENTS

Hexane: Pesticide grade or equivalent

8.0 STANDARDS

Calibration and spike solutions are prepared from either certified stock solutions or from stock solutions
purchased from vendors or from stock standards prepared from neat materials. Certificates of analysis or
purity must be received with all neat compounds or stock solutions. All preparation steps must be in
accordance with SL SOP XN4l:StandardMaterial Traceability.

Preparation of the Calibration Standards

If the stock standard is prepared using the free acid form, no correction is required for the concentration.
The concentration of the standard is based on the-weight of free acids added per unit volume prior to
derivitization. A stock standard prepared from neat herbicide acids has to be derivitivized prior to analysis.
If a herbicide standard is purchased as a neat methyl ester, the concentration of the standard must be
corrected to the free acid concentration. See SL SOP AN43: Standard Preparation for guidance on the
preparation of standards.

The calibration standards must be corrected to the weight of the acid. This will eliminate the need to correct
the final concentration of the sample. The correction factors are given in Table 2.

The stock standards are prepared in hexane from either the stock standard mixes purchased from vendors or
from the individual stock standards prepared in-house. An example of the preparation of the calibration
standard is given in Table 3
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9.0 SAMPLE PREPARATION

Sample preparation steps are given in SL SOP EX45.

10.0 PROCEDURE

10.1 GC Conditions

The columns and analytical conditions listed in this section are given for guidance. The lab must document
the actual columns and conditions used for each analysis in the instrument maintenance, data system, or on
the sample log.

10.1.1 Recommended Columns:

J&W DB-5 fused silica column, 30M x 0.53mm ID, 1.5um film
J&W DB-608 fused silica column, 30M x 0.53mm ID, 0.83um film

The columns are connected to a single injection port with either a glass Tee-splitter or a glass y-splitter.
This configuration allows for the simultaneous analysis and confirmation of the target compounds.

Carrier gas flow: He at approximately 7mL/min (per column)
Make-up gas flow: N2 at approximately 25mL/min (per detector)

10.1.2 Suggested GC temperature programs

APP 9 temperature program: 8151 Full List temperature program
Initial temperature: 170 C Initial temperature: 100 C
Initial hold time: 4 minutes Initial hold time: 2 minutes
Program rate: 8 C / minute Program rate: 8 C / minute
Final temperature: 280 C Final temperature : 280 C
Final hold: 2 minutes Final hold: 2 minutes
TOTAL TIME: 20 minutes TOTAL TIME: 27 minutes

10.1.3 Heated zone temperatures

Injector: 240-260 C
Detector: 300C

10.1.4 Injection volume: 2-4uL (1-2-uL per column)

SAVANNAH LABORATORIES
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10.2 Initial Calibration
The external standard calibration technique is routinely employed for the determination of the
concentration of herbicides. The lab also has the option of using internal standard calibration.
Pentachloronitrobenzene (PCNB) may be a suitable compound to use as an internal standard

10.2. 1 Prepare and inject the calibration standards using the guidelines listed in Section 8 of this SOP. Injector
port and column maintenance should be performed on the instrument prior to the analysis of the initial
calibration standards. Guidance for establishing the analytical sequence is given in Section 10.3.

Note that the following offers two (2) options for calibration and quantitation - average RF or regression
curve. Only one need be chosen per analyte.

When more calibration standards are analyzed than required, individual compounds may be eliminated from
the lowest or highest concentration level(s) only. If points or levels are eliminated, analyte concentration in
samples must fall within the range defined by the resulting curve. In no case should individual points in the
middle of a calibration be eliminated without eliminating the entire level.

10.2.2 Evaluate the standard chromatograms. Some questions to ask at this point are:

>Is there contamination in the hexane blank? If so, has maintenance been performed on the instrument
lately? Has the septum been changed?

>Did all of the standards inject properly? Are there peaks for each of the standards analyzed? Do the
patterns look normal?

>Are the peaks symmetrical? Is there tailing or fronting?

>Are the areas of the peaks normal for the sensitivity setting being used?

Inspect each chromatogram to ensure that the peaks are properly identified and that the correct areas
have been associated with the corresponding standard peak RT in the data system tabulation.

10.2.3 Average RF/CF Option:

Calculate the response factor of each calibration standard, the average response factor and the relative
standard deviation using the following equations:

Response Factor-external standard

mg/mL _ mg
Tarea mL area

Note that the inverse relationship can also be used to evaluate the response of the detector. Dividing the
area of the standard by the concentration is referred to as the calibration factor.

SAVANNAH LABORATORIES
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Response factor-internal standard

Ais Cc

where
Ac = area of the target compound
Ais = area of the internal standard
Cc = concentration or mass on-column of the target compound (ug/mL)
Cis = concentration or mass on-column of the internal standard (ug/mL)

Average Response Factor

Relative Standard Deviation

standard deviation
%RSD = ————==———— ® 100

RF

and

n

Standard Deviation = n-1
Where

RFt = response factor of the individual calibration level
RF = average response factor

SAVANNAH LABORATORIES
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Initial Calibration Criteria:

600-series: If the relative standard deviation is less than 10% for the target compounds in the initial
calibration, the calibration is considered linear and the average response factor (or calibration factor) may
be used for quantitation.

8000-series:If the relative standard deviation is less than 20% for the target compounds in the initial
calibration, the calibration is considered linear and the average response factor (or calibration factor) may
be used for quantitation.

8000-series ICAL grand mean exception:
If one or more compounds exceed the %RSD criteria, the average response factors can be used for
quantitation if the average %RSD of ALL of the compounds (the grand mean) in the ICAL is less than or
equal to 20%.

NOTE: If a target compound that passes by the "grand mean exception" is detected (>RL). the PM is
notified via an anomaly report or case narrative. If the targets are <RL, no notification is required since the
lab has demonstrated that the lowest standard in the calibration curve (the equivalent of the RL) can be
detected.

10.2.4 Regression Curve Option: A calibration curve is established for each analyte by plotting the concentration
along the x-axis and the corresponding response along the y-axis. If the correlation coefficient of the
regression curve is greater than 0.99, the curve can be used to quantify samples.

NOTE: Linear regression curves must be used for South Carolina DHEC compliance samples. See pre-
project plans and client QAPs for other exceptions to using non-linear curve fitting.

10.3 Calibration Verification

Calibration is verified every 24 hours for 600-series methods and every 12 hours or 20 samples, whichever
is more frequent, for 8000-series methods by the analysis of continuing calibration check standards. Note
that the following criteria apply to calibration standards analyzed before and after samples. In situations
where compounds fail criteria high and no positive for the compound(s) failing high are detected, these
samples may be reported.

10.3.1 Analyze the mid-level standard(s). Tabulate the area of the target analytes and calculate the response
factors if using the average RF/CF option. If using the calibration curve option, calculation of the RF is
unnecessary.

Calculate the percent drift or percent difference between the initial and continuing calibration:

expected
Where
result = concentration or nanograms on-column of the calibration check standard quanted against the curve
expected = true concentration or nanograms on-column of the calibration check standard

%Dijference =
RFi

Where
RFmh= average response factor from the initial calibration curve
Rfcoot= response factor from the continuing calibration standard

, r™ <^« SAVANNAH LABORATORIES
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10.3.2 Continuing Calibration Verification Criteria

If the CCV criterion is not met, another CCV should be analyzed. Repeated failure may be a sign of
instrument or standard degradation. If the calibration verification criteria cannot be met, a new initial
calibration must be prepared, analyzed, and evaluated.

600-series: If the percent drift or percent difference is less than or equal to 10%, the initial calibration is
verified and the average response factor or regression curve can be used for quantitation.

8000-series: If the percent drift or percent difference is less than or equal to 15%, the calibration curve is
verified and the average response factor is used for quantitation.

8000-series CCAL grand mean exception:
If one or more compounds exceed the %drift or %difference criteria, the average response factor from the
initial calibration can be used for quantitation if the average %drift or %difference of ALL of the
compounds (the grand mean) in the CCV is less than or equal to 15%.

NOTE: If a target compound that passes by the "grand mean exception" is detected (>RL), the PM is
notified via an anomaly report or case narrative. If the targets are <RL, no notification is required.

External Standard CCV: Samples analyzed by external standard calibration require bracketing by CCV. If
the CCV standard analyzed after the samples fails to meet the acceptance criteria and the response of the
mid point standard is above the criteria (that is the response of the analytical system has increased),
samples which have no target compounds detected above the RL may be reported as <RL, since the
compounds would have been detected if present (SW-846 Method 8000B).

10.4 Sample Analysis Sequence
The analytical sequences for the 600- and 8000-series methods are given in the SOP Summary after Section
15.

10.4.1 The sample extract is injected using the same injection volume used for the calibration standards. Extracts
that are known to be relatively clean should be analyzed first. Extracts suspected of containing high
concentrations should be analyzed last. Instrument blanks (hexane) may be analyzed after suspected high
concentration samples to allow the detector response to stabilize.

10.4.2 If the concentration of target compounds exceeds the working range (defined by the highest standard in the
initial calibration), the extract must be diluted and reanalyzed. A dilution should bring the area of the
largest peak of interest into the upper half of the calibration curve. For the single point multicomponent
products, the extract should be diluted until the area is no more than a factor of two above the area of the
single point standard (see section 11.1 for quantitation of multi-peak target compounds).

NOTE: Unless otherwise specified by a client or QA plan, results from a single dilution are reportable as
long as the largest target analyte (when multiple analytes are present) is in the upper half of the calibration
range. When reporting results from dilutions, appropriate data flags should be used (*F34 or *F42) or
qualification in a case narrative provided to the client. For TCLP analyses, every effort should be made to
achieve the regulatory level without substantial instrument overload.

_„ SAVANNAH LABORATORIES
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For clients who demand we provide lower detection limits, a general guide would be to report the dilution
detailed above and one additional run at a dilution factor 1/10 the dilution factor with the highest target in
the upper half of the calibration curve (i.e., a sample analyzed at a DF of 50 resulting in a hit in the upper
half of the calibration curve would be reanalyzed at a DF of 5 to provide lower detection limits to the
client). Project managers and lab staff must work together to balance client satisfaction with productivity.

10.5 Determination of Retention Time Windows

The procedure for the determination of retention time windows is given in SL SOP AN66. Determination
of Retention Time Windows for Gas Chromatographic Analyses. If internal standard calibration is used, the
determination of absolute retention time windows is not required. Relative retention times, as described in
Section 11.4, are used to identify the target compounds.

11.0 DATA ANALYSIS/CALCULATIONS

The evaluation of chromatograms for target compounds must take into account the calibration of the
analytical system (initial and continuing calibration response and retention times), the recovery and
retention time shift of the surrogate compounds, whether the peak response falls within the working range
of the calibration, and the integration of the peaks. Manual integration must be documented in accordance
with SL SOP AN65. The analyst must also take into account the results from the method blank and lab
control sample before reporting quantitative data.

The judgement and experience of the analyst and his/her colleagues is an important part of the evaluation of
Chromatographic data. The analyst should ask:

Is there previous data or current information about the sample that would aid in evaluating the
data?
Do the peaks look normal?
Are peaks correctly integrated?
Are there co-eluting peaks or matrix interferences?

11.1 Qualitative analysis

Identification of the target compounds is based on retention time. The analyst should scan the sample
chromatogram for the target compounds on the primary analytical column. The analyst should use the
retention time (RT) window calculated around the CC V as guidance for the identification of the target
compounds. The analyst should also note shifts in the retention times of the surrogate compounds to help
gauge possible shifts in the RT of the target compounds. See SL SOP AN66.

NOTE: It is important to note that the retention time window applies only to peaks that are within the
calibration range of the curve. Peaks areas that exceed the established linear range of the calibration curve
may result in significant retention time shifts; therefore, all peaks which have significant areas and elute
closely to a target compound should be tentatively identified as a target compound and evaluated as such.
Peaks over-range are handled using dilutions as detailed above (10.3.2).

11.1.1 The surrogate should be evaluated first to check for shifts in retention times and to evaluate the surrogate
recovery.

The extract contains the surrogate Dichloroacetic acid (DCAA). The recovery criteria are given in Section
SoftheSLQAPs.

Given the complicated nature of GC-ECD chromatograms, assessing surrogate recovery is frequently
complicated by co-eluting positive and negative interferences. Generally, it is expedient to calculate the
recovery on one chromatogram. If this recovery is acceptable, the other channel is not evaluated for
recovery. If interferences are suspected, evaluate recovery on the other channel. Note that given this
nature, an extract is considered acceptable if one of the 2 potentially calculated recoveries is acceptable.

NOTE: If the recovery of the surrogate is above the upper control limit and no target compounds are
detected in the sample, results may be reported. Refer to section 13 of the current QA Plan regarding this
issue.
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11.1.2 Label and calculate the concentration of each peak that corresponds to a target compound. Observe the
general appearance of the chromatogram for possible dilutions, matrix interferences and the overall shapes
of the peaks.

If the concentration is below the detection limit, the reporting limit (RL) for that compound is calculated
(Section 11.2). The RL is calculated for all target compounds that are not detected on the primary analytical
column. Peaks over-range are handled using dilutions as detailed above (10.3.2).

NOTE: If a peak is over range on the primary column, evaluate the confirmation column. If no peak is
detected or if the concentration is within the calibration range, the analysis at a dilution is not necessary.

11.1.3 If the result for a target is above the reporting limit (RL) on the primary column, evaluate the confirmation
column. Use the retention time window calculated using the CCV as guidance for the identification of the
target compounds. Note shifts in the retention times of the surrogate compounds to help gauge possible
shifts in the RT of the target compounds.

If the target compound is detected on the confirmation column, the concentration of the target compound is
calculated and compared to the result from the primary column. The relative percent difference is
calculated:

%RPD =
(Cprim - Cconf)
(Cprim + Cconf) 0100

Where
Cprim = concentration of the target compound on the primary column
Cconf = concentration of the target compound on the confirmation column

If the relative percent difference is less than 40%, the presence of the target compound is confirmed and the
lower concentration is reported.

NOTE: The relative percent difference between any two numbers will be a maximum of 200%. A large
relative percent difference may be acceptable at concentrations near the reporting limit. If in doubt about
whether to report a peak as a quantitative result, consult the section supervisor.

If the %RPD is greater than 40%, evaluate the chromatograms to determine if matrix interferences are
present on one or both columns. If interference is detected, flag the result to note the disparity between the
results. Alternatively, dilute the extract to a level that removes the interference and report the RL from this
dilution.

The following table summarizes the general guidance for the evaluating of chromatographic data. The
table assumes that the calibration criteria have been met and that the sample has acceptable associated
surrogate and lab spike recoveries.
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PEAK INFORMATION ACTION REPORT*
No peaks found on primary or
secondary column

Report < RL

Peak found within RTW on
primary column

Peak is tentatively identified as the
target

If concentration < RL. report < RL

If concentration > RL, evaluate
confirmation column.

Peak found within RTW on
confirmation column

Peak is confirmed as the target If concentration < RL. report <RL

If concentration >RL. calculate
%RPD

-if %RPD <40%, report lower
concentration of primary and
confirmation analyses.

-if %RPD >40%, flag result to note
the disparity

Case narrative or note to PM may
be required for complex matrices.

*RL may be the SL Reporting Limit in Table 5 of the CQAP or may be defined by the client QAP or contract.

The analyst must clearly show how the reported sample results were determined.

11.1.4 Identification "Tools"

Analysis by GC/MS (scan or SIM) may be used to confirm the presence of chlorinated herbicides (see SL
SOP SM06: Guidelines for SIM Analysis by GC/MS.) The herbicide extract must be used to perform the
GC/MS confirmation-unesterified extracts (e.g., the GC/MS extract) are not suitable for herbicide analysis
or confirmation.

11.1.4.1 Relative Retention Time

The retention time of a surrogate compound provides useful information about the stability of the GC
system. If the surrogate RT has not changed, it is probable that the target analytes RTs have not changed.
The relative retention time can help the analyst to evaluate a peak:

RRT= RTtarg"
RTsumgate

The relative retention time will remain fairly constant under the same GC conditions.. The expected
retention time of the target can be estimated from the RRT and the RT of the reference (in this case, the
surrogate):

= RRT X RTsumgate

The analyst must be alert for the presence of matrix interferences and evaluate the data on both columns
before making an identification.

11.1.4.2 Co-Injection

Another useful "tool" is to add a known amount of the target analyte to a portion of the extract. The
analysis of this "fortified extract" may provide chromatographic information that supports or refutes the
sinitial identification. The analyst is cautioned to use this approach with discretion and with consultation
with the GC supervisor. As a general rule, spike a portion of the extract with an amount of target analyte
that will result in about a 2-fold increase in response.

SG65-PagelOof20
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NOTE: Do not perform this procedure until you ha\>e exhausted all other avenues and have consulted with
the GC supervisor or other manager with GC experience. The extract must be fortified with herbicides as
methyl esters-unesterified herbicides are not amenable to GC analysis.

11.2 Calculations-External Standard

Aqueous/Liquid Samples

If the regression curve option is used, the sample concentration is calculated:

Concentration(ug/L) = Ccurve

where
Ccurve = concentration of analyte from curve (ug/mL)
F = final volume of the extract (mL)
DF = dilution factor
V = volume of sample extracted (L)

If the response factor option is chosen for quantitation:

ug/mL F®DFConcentration(ug/L) = —-——— ® response ® ————
response V

where
F = final volume of the extract (mL)
DF = dilution factor
V = volume of sample extracted (L)

Soils/Solids Samples

Regression Curve

F<S>DFConcentration(ug/L) = Ccurve
W® solids

where
Ccurve = concentration of analyte from curve (ug/mL)
F = final volume of the extract (mL)
DF = dilution factor
W = weight of sample extracted (kg)
solids = (percent solids)/100

SAVANNAH LABORATORIES
SG65-Page 11 of 20 *•* *• ' """"



SG65:01.12:99:4

If the response factor option is chosen for quantitation:

Concentration^?, I kg, dw) = —-—— ® respor
response W ® solids

where
F = final volume of the extract (mL)
DF = dilution factor
V = volume of sample extracted (L)
W = weight of sample extracted (kg)
solids = (percent solids)/100

11.3 Internal Standard Calibration

Aqueous Samples

AC rv<r FVConcentration^? / Z) = —— ® ® __
A is RRFavg V

where
Ac = area of the target compounds
Ais = area of the internal standard
Cis= concentration of the internal standard (ug/mL)
RRFavg = average response factor of the target compound from the 1C AL
FV = final volume of the extract(mL)
V = volume of sample extracted 0)
DF =dilution factor

Soil Samples

Ac Cis FVConcentration^? I kg, dw) = — ® ———— ® ————— ® DFv * * Ais RRFavg W®solids

where
Ac = area of the target compounds
Ais = area of the internal standard
Cis= concentration of the internal standard (ug/mL)
RRFavg = average response factor of the target compound from the ICAL
FV = final volume of the extract(mL)
W =weight of sample extracted (kg)
Solids = (percent solids)/100
DF =dilution factor
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SG65-Page 12 Of 20 fi3fc« < CNVIKOHMINUL UMWCIS. we



SG65:01.12:99:4

12. 0 QUALITY ASSURANCE /QUALITY CONTROL

12.1 The analytical batch is discussed in SL SOP AN02: Analytical Batching, and these criteria are
summarized in the SOP Summary included in this SOP. Calculation of QC is also given in AN02.

12.2 The method detection limit (MDL) is defined as the concentration of the an analvte that can be measured
with a 99% confidence that the result is greater than zero. See SL SOP CA90: Procedure for Determination
of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

No items are included in this revision. See Section 10 of the current SL QAP.

14.0 TROUBLESHOOTING

No items are included in this revision.

15.0 REFERENCES

1. Test Methods for Evaluating Solid Waste, Third Edition with Revisions and Updates, SW-846; U.S. EPA
Office of Solid Waste and Emergency Response: Washington, DC, November, 1986.

2. Code of Federal Regulations, Title 40, Part 136; U.S. Government Printing Office: Washington, DC, July 1,
1988.

3. Savannah Laboratories' Comprehensive Quality Assurance Plan and Corporate Quality Assurance Plan,
current revision.
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METHOD SUMMARY

HOLD/STORAGE

Parameter

Routine Container

Preservative

Hold time

Storage

Aqueous

1-L amber glass fitted with Teflon-
lined cap

None

7 days from date of collection; 40
days from date of extraction

4C (less than 6C with no frozen
samples) from collection to
analysis

Soils/Solids/Wastes

500-mL or smaller glass fitted with
Teflon-lined cap

None

14 days from date of collection; 40
days from date of extraction

4C (less than 6C with no frozen
samples) from collection to
analysis

EXTRACTION

Aquoues-SOOmL of sample; separatory funnel extraction at pH >12 with diethyl ether followed extracuon at pH<2
with diethyl ether, esterify and dilute to lOmL final volume with hexane

Soils- acidify 30g of sample mixed with acidified sodium sulfate; sonication or Soxhlet extraction with
l:lmethylene chloride/acetone; concentrate and hydrolyze with KOH, treat same as aqueous sample from this point
forward.

SEQUENCE

615
Initial Calibration Standards
Client samples analyzed until 24 hour clock expires
Calibration Verification standard - mid-level concentration
Client samples analyzed until 24 hour clock expires

8151
Initial Calibration Standards
20 client samples or 12 hours
Calibration Verification standard - mid-level concentration
20 chent samples or 12 hours
Calibration Verification standard - mid-level concentration

The sequence continues until all samples are analyzed or until the CCV standard fails to meet the acceptance criteria.
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QC CHECK FREQUENCY ACEPTANCE
CRITERIA

CORRECTIVE
ACTION

Initial Calibration-
5 point minimum with lowest point at RL

Prior to sample analysis
or when CCV fails

1)RSD of each target
<=20%(8151)or
10%RSD(615);OR
2) plot regression curve
(CC>=0.99)
(see Section 10.2 for
8000-series "grand
mean" exception)

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Continuing calibration verification(CCV) After every twenty
sample analyses (or 12
hours) and at the end of
the sequence

8151: Percent difference
or drift <= 15%
615: Percent difference or
drift <= 10%
(see Section 10.3 for
8000-series "grand
mean" exception)

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Method blank Per batch All targets reported less
than RL in
Table 5 of the SL CQAP

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instrument or column maintenance,
recalibrate, and reanalyze

Lab control sample (LCS)-
Subset of targets in SL CQAP

ID
HS-

Per batch Recoveries within SL
CQAP Table 5 limits

-Evaluate cliromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instrument or column mainlenance,
recalibrate, and reanalyze

2

is
82
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QC CHECK

Matrix spike(MS) and matrix spike duplicate
(MSD)

Surrogate

Reporting limit(RL) standard-lowest level
calibration standard

Initial Demonstration of Capability (IDOC)

Method Detection Limit (MDL)

Retention time window determination

FREQUENCY

Per batch

All samples, method
blanks, and QC

Daily-required for Fla
DEP

Initially and when new
analysts trained
See SL SOP CA90

See SOP AN66

ACEPTANCE
CRITERIA

Recoveries within SL
CQAP Table 5 limits

Recoveries within SL
CQAP Table 5 limits

Detected with reasonable
sensitivity

Evaluate in accordance
with method criteria

Evaluate in accordance
with SL SOP CA90
See SOP AN66

CORRECTIVE
ACTION

-Evaluate chromatogram and integrations.
Check calculations.
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instalment or column maintenance,
recalibrate, and reanalyze

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP
-Perform instrument or column maintenance,
recalibrate, and reanalyze

-Reanalyze RL standard
-Remake and reanalyze RL standard
-Perform instrument or column maintenance,
recalibrate, and reanalyze associated samples

Repeat test for analytes that fail criteria

Evaluate in accordance with SL SOP CA90

See SOP AN66
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TABLE l-"full list"

Compound

Dalapon
DCAA (surrogate)
MCPP
Dicamba
MCPA
Dichlorprop
2,4-D
2,4,5-TP (Silvex)
2,4,5-T
Dinoseb
2,4-DB

RT
COL1

2.90
13.18
13.56
13.66
14.30
14.94
16.10
18.27
20.49
21.00
22.81

RT
COL 2

3.35
13.41
14.08
13.63
14.44
15.36
15.89
19.22
20.33
23.06
23.36

COL1=DB608 COL2 = DB-5

TABLE lA-"short list"

Compound

DCAA (surrogate)
2,4-D
2,4,5-TP (Silvex)
2,4,5-T

RT
COL1
5.38
7.65
8.80
9.68

RT
COL 2

5.75
7.61
9.31
9.74

COL1 =DB608 COL2 = DB-5
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TABLE 2

HERBICIDE MOLECULAR WEIGHTS AND CORRECTION FACTORS

Herbicide acid MWacid MWester/ether Correction factor

2,4-D 221.04 235.07 0.940
Dalapon 142.97 157.00 0.911
2,4-DB 249.09 263.12 0.947
Dicamba 221.04 235.07 0.940
Dichloroprop 235.07 249.09 0.944
Dinsoeb 240.22 254.24 0.945
MCPA 200.62 214.65 0.935
MCPP 214.65 228.67 0.939
2,4,5-TP(Silvex) 269.51 283.54 0.951
2,4,5-T 255.48 269.51 0.948
DCAA 205.04 219.07 0.936
Picloram 241.48 255.51 0.945
Pentachlorophenol 266.35 280.37 0.950

Example Calculation

-D) = -
Wester 235.07

If the standard is expressed as mass of ester per volume, convert the concentration to he acid form by multiplying by
the correction factor (CF).

SG65-Page 18 of 20
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Table 3-Example Standard Preparation "Recipes"

"Short List" Herbicide Intermediate Standard
STOCK
STANDARD

Herbicides

DCAA

VENDOR/
PART NO.

Ultra HBM-
815M
Ultra PPS- 161

CONC.
(ug/mL)

100

100

mL of stock

1.0

1.0

fvol
(mL)

10

cone
(ug/mL)

10

10
Solvent is hexane

"Short" list Calibration Standards
STOCK
STANDARD

"short" list herbicide intermediate
std

CONC.
(ug/mL)
10

1*

50

2*

100

3*

200

4*

250

5*

500

6*

750

7*

1000

* microliters of intermediate standard to lOmL of hexane. Seven standards are prepared and analyzed but only 5 are
used. MCPP and MCPA are difficult to calibrate at low concentrations.

"Short" list Calibration Standards
Target Compounds

DCAA, 2,4,-D, 2,4,5-TP (Silvex),
2,4,5-T

1*

0.05

2*

0.10

3*

0.20

4*

0.25

5*

0.50

6*

0.75

7*

1.0

ug/mL
"Full" list Calibration Standards

STOCK
STANDARD

Ultra HBM-8150M

Dicamba, 2,4,5-TP (Silvex), 2,4,5-T

2,4-D, 2,4-DB, Dichlorprop

Dinoseb

MCPA, MCPP

CONC.
(ug/mL)

10

100

50

10000

1*

5

2*

10

3*

12.5

4*

20

5*

50

6*

67

7*

100

* microliters to lOrnL hexane
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Table 3-Example Standard Preparation "Recipes"

•'Full" list Calibration Standards
STOCK
STANDARD

Ultra HBM-8150M

Dicamba, 2,4,5-TP (Silvex), 2,4,5-T

2,4-D, 2,4-DB, Dichlorprop

Dinoseb

MCPA, MCPP

CONC.
(ug/mL)

10

100

50

10000

1*

0.005

0.050

0.025

5.0

2*

0.010

0.10

0.050

10

3*

0.0125

0.125

0.0625

12.5

4*

0.020

0.20

0.10

20

5*

0.050

0.50

0.25

50

6*

0.067

0.67

0.33

67

7*

0.10

1.0

0.50

100

*ug/mL
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Approval
Signature:_

R . Wayne Ro^oins ~ _ ,
)A Manager Date: CT+- /&, /7JOTitle: Corporate QA Manager

PETROLEUM PRODUCTS, DRO, AND TOTAL HYDROCARBONS BV GAS CHROMATOGRAPHY
MODIFIED 8015B EXTRACTABLES

1.0 SCOPE AND APPLICATION

1.1 This method may be used to determine the identification and concentration of various petroleum products in
a variety of matrices. Table 1 lists the products that are routinely analyzed using this procedure: diesel,
mineral spirits, kerosene, and motor oil ("heavy oil" or oil-range organics). The target compounds are
generally in the carbon range of CIO to C40. Table 2 lists other products that may be determined by this
method. Examples of chromatograms are included at the end of this SOP.

1.2 It is not the intention of this SOP to replace the DRO procedures specified bv various state
agencies (Tennessee. Wisconsin, Florida, or California), although the guidelines of this SOP
are similar to the guidelines given in the state procedures.

1.3 The primary scope of this SOP is identify and quantify samples based on a known or suspected hydrocarbon
product. If the identification is not required, diesel range organics or total hydrocarbons may be requested.
If DRO or total extractable hydrocarbons are requested, the peaks within the range of a diesel standard
(C10-C28) are summed and quantified against diesel.

1.4 The method detection limit (MDL), the reporting limit, and the accuracy and precision criteria for the target
compounds are listed in Section 5 of the Savannah Labs' Comprehensive Quality Assurance Plan and the
Corporate Quality Assurance Plan.

2.0 SUMMARY OF METHOD

2.1 Aqueous samples are acidified and extracted by separatory funnel or continuous liquid-liquid extraction
using methyiene chloride. Pure products or a product layer in a water sample are diluted in methylene
chloride. Soils are extracted with 1:1 acetone/methylene chloride using sonication or Soxhlet extraction.
The extract is concentrated to a final volume of l.OmL and a 2-5uL aliquot of the extract is injected onto a
GC equipped with a megabore or capillary column and a flame ionization detector (FID).

2.2 The extract for the determination of petroleum products may also be used for the determination of
polynuclear aromatic hydrocarbons (PAH) if the dual column/dual detector configuration is used.

2.3 This procedure is based on SW-846 Method 8015B. An SOP summary is included as a quick reference to
the minimum QC required to perform this method.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or will put yourself or others in potentially hazardous situations.

3.2 Each chemical compound should be treated as a potential health hazard. Exposure to these chemicals must
be reduced to the lowest level possible. Lab coats, gloves, and other equipment should be used. Standards
and highly contaminated samples should be handled in a hood.

3.3 Material Safety Data Sheets (MSDS) are available to the analyst at each lab division. These sheets specify
the type of hazard that each chemical poses and the procedures that are used to safely handle these
materials.
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4.0 INTERFERENCES

4.1 Glassware and extracting vessels should be scrupulously cleaned and solvent rinsed to reduce artifacts that
may interfere with the analysis, (see SL SOP AN6Q:Glassware Cleaning). Glassware and reagents must be
demonstrated to be free from interferences by the analysis of reagent blanks.

4.2 Co-extracted compounds may interfere with the qualitative and quantitative determination of the target
compounds. The major problem associated with the analysis of these types of compounds will be the
presence of two or more closely eluting products in the same sample extract. The analyst must be aware that
weathering takes place in environmental samples and can sometimes make identification and quantitation
difficult.

4.3 Highly chlorinated water may cause loss of PAH compounds, especially when combined with the acidic
extraction..

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5.1 Liquid samples are collected in amber glass containers equipped with a Teflon-lined cap. The samples are
iced at the time of collection and stored in a refrigerator maintained at <6° C. No preservative is added to
the sample. Liquid samples must be extracted within 7 days of sample collection and the extract must be
analyzed within 40 days of extraction.

5.2 Soil and waste samples are collected in amber or clear glass containers equipped with Teflon-lined
containers. The samples are iced at the time of collection and be stored in a refrigerator maintained at <6°C.
Soil and waste samples must be extracted within 14 days of sampling and the extracts must be analyzed
within 40 days of extraction.

6.0 APPARATUS AND MATERIALS
The materials and apparatuses listed in this section are included as a general overview of the equipment
used by SL to perform this analysis and to provide guidance to the lab in selecting materials to perform the
analysis.

6.1 Gas Chromatographs (GC), temperatures programmable equipped with single or dual flame ionization
(FID) detectors and a compatible autosampler.

6.2 Columns

DB-5 fused silica capillary 30 m x 0.53 mm ID, 1.5 urn film (J&W or equivalent)

RTX-200 fused silica capillary 30 m x 0.53 mm ID 1.0 urn film (J&W or equivalent)

Guard Column 6 m x 0.53 mm ID, 1.5 urn film

The DB-5 column and the RTX-200 column can be connected to a single injection port for simultaneous
detection and confirmation. The columns are attached to the injection port with a glass tee or y-splitter. A
guard column is recommended to help protect the analytical columns if a y-splitter is used. Capillary
columns (0.32mmID) may also be used but will generally not have the capacity of the megabore columns.

6.3 Microsyringes - appropriate volumes

6.4 Volumetric flasks - Class A- appropriate volumes

6.5 Storage vials, 7-mL or 12-mL, with Teflon-lined screw cap

6.6 Autosampler vials-compatible with autosampler type
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7.0 REAGENTS

7.1 Methylene chloride, pesticide residue grade, for preparation of standards

8.0 STANDARDS

The preparation of the calibration standards must be tracked in accordance with SL SOP AN41 :Standard
Material Traceability. General guidance on the preparation of standards is given in SL SOP
AN43 '.Standard Preparation.

8.1 The lab should purchase certified solutions from SL-approved vendors, if available. The lab should
prepare standards from neat materials only if a certified solution is not available. See SL SOP AN43
for guidance for standard preparation.

8.2 Stock Standards

Stock standards are prepared from neat products or purchased as solutions.

Stock standards from neat products are prepared in methylene chloride by the following procedure:

WC(mglmL) = —

where
C= concentration of primary stock standard (mg/mL)
W = weight of product (mg)
V= volume of solvent used (mL)

EXAMPLE
Prepare lOmL of stock standard containing the target compound at a concentration of lOOmg/mL.

W(mg) = C(mg I ml) ® V(mL) = 1 OOmg lmL®\ QmL = 1 OOOmg

lOOOmg (l.OOOg) of the material is transferred to a lOmL volumetric flask and diluted to volume with a
suitable solvent.
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The following chart lists preparation instructions for the stock solutions prepared in hexane from neat
products:

Petroleum
Product

Neat Standard

Diesel

Kerosene

Mineral Spirits

Heavy Oil

(W.)
Weight of Neat
Product (me)

1000

1000

1000

1000

(Vp)
Final Vol (mL)

10

10

10

10

(C,)
Primary Stock Standard Concentration

(me/mLl

100

100

100

100

8.3 Calibration Standards

Determine the volume of standard to be prepared and the volume of the stock standard needed to make
the calibration standard. The following equation can be used:

Cstock <8> Vstock = Ccal ® Veal

Vstock =
Ccal® Veal

Cstock

where
Vstock = volume of stock standard needed to prepare the cal standard (mL)
Cstock = concentration of stock solution(mg/mL)
Ccal = concentration of calibration standard to prepare(mg/mL)
Veal = volume of calibration standard to prepare(mL)

The concentration can be expressed in whatever terns the analyst finds most convenient - ug/L, ug/mL,
mg/L, etc. The units must be the same for Cstock and Ccal.

8.3.1 Products Identification and DRO

Diesel fuel is the primary calibration product and is prepared at a minimum of five levels, along with the
surrogate compounds (optionally). The other petroleum products are prepared individually at a single
calibration level. The calibration standard concentrations range from 0.50 mg/mL to 10 mg/mL.

The following chart gives an example of the preparation of several of the target products:

Cal Standard

Diesel -1
Diesel -2
Diesel -3
Diesel -4
Diesel -5

StockStd Cone
(mg/mL)

100
100
100
100
100

Vol of StockStd
(mL)

0.050
0.100
0.200
0.500

1.0

uL 2FBP and
DTP*

(2000ug/mL)
250
250
250
250
250

Final Vol of Cal Std
(mL)

10
10
10
10
10

Cone of Cal Std
(mg/mL)

0.50
1.0
2.0
5.0
10

*surrogates are at 50ug/mL in each calibration standard

Cal Standard

Mineral
spirits

' StockStd Cone
(mg/mL)

100

Vol of Stock Std
(mL)

0.10

uL 2FBP and
OTP*

(2000ug/mL)
250

Final Vol of Cal Std
(mL)

10

Cone of Cal Std
(mg/mL)

1.0

'surrogates are at 50ug/mL
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Cal Standard

Kerosene

StockStd Cone
(mg/mL)

100

Vol of StockStd
(mL)

0.10

uL 2FBP and
OTP*

(2000ug/mL)
250

Final Vol of Cal Std
(ml)

10

Cone of Cal Std
(mg/mL)

1.0
*surrogates are at 50ug/mL

Cal Standard

Heavy oil

StockStd Cone
(mg/mL)

100

Vol of Stock Std
(mL)

0.50

uL 2FBP and
OTP*

(2000ug/mL)
250

Final Vol of Cal Std
(mL)

10

Cone of Cal Std
(mg/mL)

5.0
* surrogates are at 50ug/mL

8.3.2 A straight chain alkane calibration standard which contains the even carbon alkanes from C8- C28 is
prepared. Each alkane in the standard solution is prepared at a concentration of 100 ug/mL

The alkane standard is used to aid the analyst in identifying the target products and to provide additional
information about the sample when positive product identification is not possible.

8.3.3 The surrogates, 2-fluorobiphenyl and o-terphenyl, can be calibrated separately or included in the product
working level standards at the discretion of the lab. It is recommended that the surrogates be calibrated
separately to avoid identification and integration errors that may occur if the surrogates are included in a
product(s) that has peaks that coelute with the surrogate. The following table gives an example preparation
of the surrogate calibration standard:

surrogate cal std

DROSUR

uLof2-
fluorobiphenyl
(2000ug/mL)

25

uLof
o-terphenyl

(2000ug/mL)
25

final vol in
MeC12
(mL)

1.0

cone, of
surrogates
(ug/mL)

50

9.0

Larger volumes of the calibration standards may be prepared at the discretion of the lab.

SAMPLE PREPARATION

The sample preparation procedures are described in the following SL SOPs:

Procedure
Continuous Liquid-liquid extraction
Separatory funnel extraction
Ultrasonic extraction
Waste dilution
Zymark extract concentration

Matrix
aqueous
aqueous
soils and sediments
waste samples (oils, products, etc)
aqueous, leachate, and soil extracts

SLSOP
EX30
EX35
EX40
EX42
EX50

10.0 ANALYTICAL PROCEDURE

10.1 Gas Chromatograph Operating Conditions

These conditions and parameters are given for guidance. The conditions and parameters may be modified to
optimize the analytical system.

10.1.1 Two configurations may be used for the analysis of the DRO/petroleum products. A single column may be
connected to the injection port or two columns may be connected to the injection port using a press-tight
glass y-splitter and a guard column or a glass tee.

DB-5 fused silica capillary 30 m x 0.53 mm ID, 1.5 urn film (J&W or equivalent)

RTX-200 fused silica capillary 30 m x 0.53 mm ID 1.0 urn film (J&W or equivalent)
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Guard Column 6 m x 0.53 mm ID, 1.5 um film

A guard column is recommended to help protect the analytical columns. Capillary columns (0.32mmID) can
also be used but will generally not have the capacity of the megabore columns.
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10.1.2 GC Parameters

Injector: 240- 280° C
Detector: FID at 300° C
Carrier Gas Flow: Helium at 5 mL/min (per column)
Make-up Gas Flow: Helium or nitrogen at 25 mL/min (per detector)

NOTE: Adjust the air, hydrogen, and carrier gas/makeup gas flows to the optimum rates suggested by the
GC manufacturer.

Temperature program (example chromatogram temperature program):
Initial Temp: 90° C
Initial Hold: 4.0 min
Program Rate: 10°C/min
Final Temp: 290° C (hold for 10 minutes)
Injected Volume: 4.0 uL - 2.0 uL per column (single injection into guard column and "Y" splitter
Run Time: Approximately 40 min.

10.2 Calibration
The external standard calibration technique is employed for the determination of the concentration of
petroleum products. If the PAH compounds are also to be determined using the same extract, refer to SL
SOP SG40.

10.2.1 The initial calibration for identification and quanritation of products will involve the analysis of a five-
point calibration for either diesel or the site-specific product and single point calibration standards for the
carbon range standard and the other products to be determined for the set of samples being analyzed.

10.2.1.1 Prepare the calibration standards using the guidelines listed in Section 8 of this SOP and analyze the
standards using the instrument conditions that are optimized for the analysis. Injector port and column
maintenance should be performed on the instrument prior to the analysis of the initial calibration standards.

10.2.1.2 Evaluate the standard chromatograms. Some questions to ask at this point are:

>Is there contamination in the methylene chloride blank? If so, has maintenance been performed on the
instrument lately? Has the septum been changed? Is the column properly seated in the injector and detector
ports?

>Did all of the standards inject properly? Are there peaks for each of the standards analyzed? Do the
patterns look normal?

>Are the peaks symmetrical? Is there tailing or fronting?

>Are the areas of the peaks normal for the sensitivity setting being used?

10.2.1.3 Tabulate the total area for each of the initial calibration standard(s) (either the diesel or the site-specific
fuel or the single point product standards). Quantitation of sample concentration for the multi-
component products is based on the total area (including baseline integration) of all the peaks in the
retention time range defined by the reference petroleum standard. Note that the quantitation of the
diesel or site-specific product will be based on the calibration curve while the quantitation of the other
products will be based on a single point calibration standard.
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10.2.1.4 Calculate the response factor for each calibration standard using the following equation:

mg/mL _ mg
X RF - area ml area

Note that the inverse relationship can also be used to evaluate the response of the detector. Dividing the
area of the standard by the concentration is referred to as the calibration factor.

10.2. 1 .5 Calculate the average response (or calibration) factor for the five point diesel or site specific product.

RF, + RF2 + RF3 + RF, + RF5
Kr avg .

10.2.1.6 Calculate the standard deviation of the five calibration levels for each target.

Standard Deviation = „, n-1
where
RFj = response factor of the individual calibration level
RF = average response factor

10.2.1.7 Calculate the relative standard deviation (% RSD) of the five levels for each target:

standard deviation
%RSD = ————=———— ® 100

RF

If the % RSD is less than 20% for the diesel, site-specific product, or TPH in the five-point initial curve, the
calibration is considered linear and the average response factor (or calibration factor) is used for
quantitation.

10.2.1.8 Alternatively, a calibration curve can be established for each analyte by plotting the concentration (or
nanograms on-column) along the x-axis and the corresponding response along the y-axis. A linear or higher
order calibration curve can be evaluated and a curve with a 0.99 or higher correlation coefficient can be
used for quantitation.

10.2.2 The continuing calibration check standard is either the mid-level diesel standard or the mid level site-
specific product standard.

10.2.2.1 Analyze the mid level diesel or site-specific product. Tabulate the total area of the target analyte and
calculate the response factor:

_ mg/mL _ mg
XRF ~ ——— ~ —;——area mL area

Note that the inverse relationship can also be used to evaluate the response of the detector. Dividing the
area of the standard by the concentration is referred to as the calibration factor.
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Calculate the percent difference(%D) of between the initial and continuing calibration response factors:

%Difference = RF""' ' ̂ com x 100
RF inn

where
RFinit = average response factor from the initial calibration curve
Rfcom= response factor from the continuing calibration standard

If the percent difference is less than or equal to 1 5%, the calibration curve is verified and the average
response factor is used for quantitation.

If the percent difference is greater than 15%, another continuing calibration standard should be analyzed.
Repeated failure may be a sign of instrument or standard degradation. If the continuing calibration criteria is
not met, a new initial calibration must be prepared and analyzed.

10.2.3 If the calibration curve option has been chosen, calculate the percent drift (%D) of between the initial and
continuing calibration response based on the true or theoretical concentration of the check standard:

10.3

where
result =

expected =

expected

concentration or nanograms on-column of the calibration check standard quanted
against the curve
true concentration or nanograms on-column of the calibration check standard

If the percent drift is less than or equal to 1 5%, the calibration curve is verified and can be used for
quantitation.

If the percent difference is greater than 15%, another continuing calibration standard should be analyzed.
Repeated failure may be a sign of instrument or standard degradation. If the continuing calibration criteria is
not met, a new initial calibration must be prepared and analyzed.
Sample Analysis Sequence

The following sequence defines the order of events that should be followed for this analysis.

STANDARD/SAMPLES

Initial Calibration-diesel or site specific product at 5 levels; mineral spirits, kerosene, and heavy oil at
single levels.

Carbon Range Standard (CIO to C28)

Ten Sample Analyses

Continuing Calibration Verification (CCV)

RL Standard (Daily) (If required)

Ten Sample Analyses

CCV
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10.3.1 The sample extract is reviewed for the presence of the target analytes.

10.3.2 If the concentration of diesel or the site-specific product exceeds the linear range (that is, the highest level
standard included in the initial calibration), the sample is diluted and reanalyzed. The dilution should be
made to bring the area of the peak of interest into the upper half of the calibration curve. For the single
point calibration products, the extract should be diluted until the area is no more than a factor of five above
the area of standard.

10.4 Determination of Retention Time Windows

The procedure for the determination of retention time windows is given in SL SOP AN66: Determination of
Retention Time Windows for Gas Chromatographic Analyses.

11.0 DATA ANALYSIS/CALCULATIONS

11.1 Qualitative analysis

11.1.1 Identification and quantitation of sample concentration is based on the total area (including baseline
integration) of all the peaks in the retention time range defined by the reference petroleum standard. The
ability to make a positive identification of a specific petroleum product may be inhibited by sample
weathering, multi-product composition, and dissimilarity between the sample and the products utilized as
standards. Weathered samples will tend to display peaks not found in the reference standard due to
compound degradation or may not contain some of the peaks found in the reference standard. Highly
weathered samples may also display an elevated baseline resembling a very broad peak or "humpogram."
The total area contained in this peak should be used in the quantitative determination if the peak or hump
resides within the retention time range of the reference petroleum product.

When product identification is requested, qualitative analysis is limited to the laboratory's standard
materials for diesel fuel, mineral spirits, kerosene and motor oil. Other products may be analyzed for at the
specific direction of the client. In the absence of such direction, only the above mentioned 4 standard
materials are used.

11.1.2 If an identification is not possible, additional information may be provided by the analysis of the straight
chain alkane standard. Based on the retention time of the various alkanes, an estimated hydrocarbon chain
length for the major constituents in the sample can be identified. The sample chromatogram may be
quantified against the petroleum standard that most resembles the sample product and reported with a
qualifier such as:

"The peaks in Sample X elute between CIO and C24 and the sample was quantified against the diesel
standard, which contains peaks in approximately the same carbon range."

11.1.3 The sample extract must be diluted to point where the peaks are within the linear range of the diesel or site-
specific product or to a point where the total area is within a factor of five of the total area of the target
products. Diluting the extract into the proper range will aid in the identification and evaluation of the
chromatogram.

11.1.4 If DRO is requested, the peaks eluting in the range from C10 to C28 are summed and quantified against the
average response factor or curve of the diesel calibration.

11.2 Calculations

11.2.1 Aqueous/Liquid Samples

Csampies(mg/ L) = RFx area ,<,*,& x QF
where

RF = response factor
SG70-PagelOofl7
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QF = "quant factor"
pit = total area of target fuel or compound

This equation expands to:

FxDF„ / / ,»Csampie(mg/ L) = - —— — — x areasampie x(area) (ml) * V K,
where

F= final volume of the extract (mL)
DF = dilution factor
Vext = volume of sample extracted (L)

If the calibration curve option is used, the sample concentration is calculated:

where
Ccuwe = concentration of analyte from curve (mg/mL)
QF = "quant factor" (defined above)

1 1 .2.2 Soils/Solids Samples

C sampie (mg/ kg, dw) = RF x areasanp/e x QF
where

RF = response factor
QF = "quant factor"

total area of target fuel or compound

This equation expands to:

FxDF, / » , , * ,sampie(mg/ kg,dw) = - —— — — x areasample xsampe(area) (ml) Wx solids
where

F = final volume of the extract (mL)
DF = dilution factor
W = weight of the sample extracted (kg)
solids = (percent solids)/! 00

If the calibration curve option is used, the sample concentration is calculated:

Cmfit(mg/kg,dw) = CmrvexQF
where

GOUT* = concentration of analyte from curve (mg/mL)

%REC = (€MS - Ciamp")
 x 100

CT
QF = "quant factor" (defined above)

1 1 .2.3 Accuracy is reported as percent recovery, which is calculated:
where

CMS = concentration of matrix spike or lab spike determined from the analysis
CT = theoretical concentration of the spike

For lab spikes, assume that C ,̂,̂  = 0
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The theoretical concentration of the spike is calculated:

LIQUIDS

r - Cs X Vs
T ~ V ,' sample

where
Cs = concentration of spiking solution (mg/mL)
Vs = volume of spiking solution added to sample (mL)
Vsampie= volume of sample extracted

SOLIDS

CsxVs
Cr = Wsample x solids

where Cs = concentration of spiking solution (mg/mL)
Vs = volume of spiking solution added to sample (mL)
WMItlpie= weight of sample extracted (kg)
solids = (percent solids)/ 1 00

1 1 .2.4 Precision is reported as relative percent difference, which is calculated:

- %RECMSD\
(%RECMS + %RECMSD)/2

where

XW°

%RECMs = percent recovery of the matrix spike (or lab spike)
"/oRECwso = percent recovery of the matrix spike duplicate (or lab spike duplicate)

12. 0 QUALITY ASSURANCE /QUALITY CONTROL

12.1 SL SOP AN02: Analytical Batching describes the procedures for evaluating batch-specific QC. This
criteria is summarized in the 80 1 5-Extractable SOP Summary included in this SOP.

12.2 See SL SOP CA9Q:Procedurefor Determination of Method Detection Limit(MDL).

13.0 PREVENTIVE MAINTENANCE

No items are included in this revision.

14.0 TROUBLESHOOTING

No items are included in this revision.

15.0 REFERENCES

1 . Test Methods for Evaluating Solid Waste, Third Edition with Revisions and Updates, SW-846; U.S. EPA
Office of Solid Waste and Emergency Response: Washington, DC, November, 1986.

2. Savannah Laboratories' Comprehensive Quality Assurance Plan and Corporate Quality Assurance Plan,
current revisions.
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8015-EXTRACTABLES METHOD SUMMARY
The primary targets for this analysis are diesel, mineral spirits, kerosene, and heavy oil. A carbon range standard is
analyzed to help the analyst identify the patterns.
HOLD TIMES

MATRIX

Aqueous
Soil/
sediment

Waste

TCLP

Preservative/
storage*

none; 4C

none; 4C

none; 4C

none; 4C

Routine
Container

1-L amber

500-mL

Glass

1-L amber

Sample
Hold Time

7 davs

14 days

1 4 days

7 days

Extract
Hold Time

40 davs

40 days

40 davs

40 days
*Storage temperature is 4C with a control criteria of less than 6C with no frozen samples

EXTRACTION
Aqueous-1-L of sample; continuous or separatory funnel extraction at pH<2 with methylene chloride; concentrate to
a nominal final volume of l.OmL
Soils-30g of sample mixed with sodium sulfate; sonication or Soxhlet extraction with 1:1; methylene
chloride/acetone; concentrate to a nominal final volume of 1 .OmL
SEQUENCE__________________________________________________________

STANDARD/SAMPLES

Initial Calibration-diesel at 5 levels; mineral spirits, kerosene, and heavy oil at single levels

Carbon range standard (CIO to C28)

Ten sample analyses

Continuing calibration verification (CCV)

RL standard(optional; required by state or client QAP)

Ten sample analyses

CCV
Sequence continues until all samples have been analyzed or the CCV fails the acceptance criteria
SURROGATE(S):
2-Fluorobiphenyl and o-terphenyl-50ug/L(aqueous); 1700ug/kg(soils)
BATCH QC
Method blank
LCS-diesel at Img/ml*
MS/MSD- diesel at Img/ml*
"(or site specific target at 5-1 OX RL)

SG70-Pagel3ofl7
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iiii
3 to

II

QC CHECK FREQUENCY ACCEPTANCE
CRITERIA

CORRECTIVE
ACTION

Initial Calibration-
5 point minimum with lowest point at RL

Prior to sample analysis
or when CCV fails

1)RSD of each target
<= 20%; OR
2) plot regression curve

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Continuing calibration verification(CCV) After every ten sample
analyses and at the end of
the sequence

Percent difference or drift
<= 15%

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Perform instrument or column maintenance
and reanalyze standards

Method blank Per batch All targets reported less
than RL in
Table 5 of the SL CQAP

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP

Lab control sample (LCS)-
subset of targets in SL CQAP

Per batch
(If MS/MSD cannot be
performed , the LCS is
analyzed)

Recoveries within SL
CQAP Table 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP

Matrix spike(MS) and matrix spike duplicate
(MSD)

Per batch Recoveries within SL
CQAP Table 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SL SOP AN02 and
Table 13.1 in CQAP

5 SG70-Page 14 of 17
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QC CHECK FREQUENCY ACCEPTANCE
CRITERIA

CORRECTIVE
ACTION

Surrogates All samples, method
blanks, and QC

Recoveries within SL
CQAP Table 5 limits

-Evaluate chromatogram and integrations.
Check calculations.
-Reanalyze
- Follow guidance in SI, SOP AN02 and
Table 13.1 in CQAP

Reporting limit(RL) standard-lowest level
calibration standard

Daily(optional-see
specific state or client
requirements for
frequency)

Detected with reasonable
sensitivity

-Reanalyze RL standard
-Remake and reanalyze RL standard
-Perform instrument or column maintenance,
recalibrate, and reanalyze associated samples

Retention time window determination See guidance in SL SOP
AN66

See guidance in SL SOP
AN66

Use guidance in SL SOP AN66:
Determination of Retention Time Windows in
Gas Chromatographic
Analyses

Initial demonstration of Capability Per analyst Within the 8000-series
method limits
(see 8000B)

-Reanalyze QC sample for the targets that
failed to meet the criteria

Method detection limit(MDL) See CA90 Evaluate data according
to SL SOP CA90

-Evaluate data according to SL SOP CA90.
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TABLE 1

Petroleum Product
Diesel
Heavy Oil
(motor oil or oil range organics)
Mineral spirits
Kerosene

"Weathered" Diesel (50%)

Approximate Carbon Range
C10-C24
C20-C34

C8-C12
C8-C14

C14-C24

Chromatogram Page
A, C, D, I, J
B, C.D.E, F

C, D
C, D

U

TABLE 2

Petroleum Product

Hydraulic Oil

Transmission Oil

Mineral Oil

Jet A

JP5

JP8

Naphtha

Turpentine

Approximate Carbon Range

C22-C36

C20-C30

C24-C36

C10-C16

C10-C16

C10-C16

<C8-C10

<C10-<C12

Chromatogram Page

E,F

E,F

E.F

G,H

G,H

G,H

K,L

K,L

SG70-Page 16 of 17 SAVANNAH LABORATORIES
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_FE211
.C7 T ,E 25
y. 3T 0

6 . 0 0

1FE213
SCALE 15
OFFSET -1
TIME 6.00

2FE211
SCALE 25
OFFSET 0
TIME 3.00

2FE213
SCALE 15
OFFSET -1
TIME 3.00

eg-

C.IO

c/s

CIO

(L/C,

O.I&-

EME 3 2 . 0 0 TIME 3 2 . 0 0
'

TIME 2 4 . 0 0 TIME 2 4 . 0 0
Chromatogram A



-FE211
3C"E 20
Dl 5T 0
TIME 20.00

1FE2111
SCALE 25
OFFSET 0
TIME 20.00

Cot-VMM &T)(3C4 -j

2FE211 2FE2111
SCALE 20 SCALE 40
OFFSET 0 OFFSET 0
TIME 17.00 TIME 17.00

CIS

eso

ea.o

C33.

CB*

>

'IME 39 .00 TIME 3 9 . 0 0 TIME 39 .00 TIME 3 9 . 0 0
Chromatogram B



LFE211
.GALE 20
)F IT 0
:ii_ 6.00

1FE2110
SCALE 15
OFFSET -1
TIME 6.00

1FE219
SCALE 15
OFFSET -1
TIME 6.00

1FE214
SCALE 15
OFFSET -1
TIME 6.00

1FE2111
SCALE 30
OFFSET 0
TIME 6.00

C/O

c/a

EME 39.00 TIME 39.00 TIME 39.00 TIME 39.00 TIME 3 9 . 0 0
Chromatogram C



2FE211
SCALE

2FE2110
20 SCALE 20
0 OFFSET 0

3.00 TIME 3.00

2FE219
SCALE 25
OFFSET 0
TIME 3.00

2FE214
SCALE 25
OFFSET 0
TIME 3.00

2FE2111
SCALE 40
OFFSET 0
TIME 3.00

cto

C/3

at if

L

e*/

3 9 . 0 0 TIME 39 .00 TIME 39 .00 TIME 39 .00 TIME 39 .00
Chromatogram D



1FE211
SCALE 20
C 1ET 0
!'...,£ 20.00

1FE2111
SCALE 30
OFFSET 0
TIME 20.00

C/L
1FE2113
SCALE 20
OFFSET 0
TIME 20.00

1FE2114
SCALE 40
OFFSET 0
TIME 20.00

1FE2115
SCALE 20
OFFSET 0
TIME'20.00

die

C30

TIME 3 9 . 0 0 TIME 3 9 . 0 0 TIME 39 .00 TIME 39.00 TIME 3 9 . 0 0
Chromatogram £



fu

2FE211
S^LE 20

3ET 0
TiME 17.00

2FE2111
SCALE 40
OFFSET 0
TIME 17.00

2FE2113
SCALE 40
OFFSET 0
TIME 17.00

2FE2114
SCALE 40
OFFSET 0
TIME 17.00

2FE2115
SCALE 40
OFFSET 0
TIME 17 .00

cao

csr

TIME 3 8 . 0 0 TIME 38 .00 TIME 38.00 TIME 38.00 TIME 3 8 . 0 0
Chromatogram F



FE211
CLA.LE 25
FF—T 0
II 6.00

1FE216
SCALE 25
OFFSET 0
TIME 6.00

1FE217
SCALE 25
OFFSET 0
TIME 6.00

1FE218
SCALE 25
OFFSET 0
TIME 6.00

CIO

CIS.

C ft
IME 23.50 TIME 23.50 TIME 23.50 TIME 23.50

Cbromatogram G



-" ' • /<- /w/I

2FE211
SCALE 25
)r -ET 0
T. 3.00

2FE216
SCALE 25
OFFSET 0
TIME 3.00

2FE217
SCALE 25
OFFSET 0
TIME 3.00

2FE218
SCALE 25
OFFSET 0
TIME 3.00

c/o

IME 2 0 . 0 0 TIME 20 .00 TIME 20.00 TIME 2 0 . 0 0
Cbromatogram H



LFE211
5CALE 25

0
e.oo

1FE214
SCALE 20
OFFSET 0
TIME 6.00

1FE215
SCALE 25
OFFSET 0
TIME 6.00

C/0

c/t/

C22.

1MB 33.00

I

TIME 33 .00 TIME 33.00
Chromatogram I



'FE211
25

o
5 . 0 0

TME 2 7 . 0 0

2FE214
SCALE 25
OFFSET 0
TIME 5.00

C/o

c/L

CJtf

Cao

TIME 27.00

2FE215
SCALE 30
OFFSET 0
TIME 5.00

9

TIME 27.00
Chromatogram J



— XJC C

1FE211
SCALE 30

SET 0
'i-iE 5.50

1FE2117
SCALE 80
OFFSET 0
TIME 5.50

1PE2118
SCALE 125
OFFSET 0
TIME 5.50

I

TIME 16.00 TIME 16.00 TIME 16.00
Chromatogram K



2FE211
SC£LE 35
3 ET 0
Ti.,xi 3.50

2FE2117
SCALE 75
OFFSET 0
TIME 3.50

2FE2118
SCALE 150
OFFSET 0
TIME 3.50

/

TME 13.50 TIME 13.50 TIME 13.50
Chromatogram L
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7

TOTAL CYANIDE AND CYANIDE AMENABLE TO CHLORINATION BY MANUAL DISTILLATION
AND MANUAL OR AUTOMATED COLORIMETRIC DETERMINATION METHODS 335.1, 335.2, 335.3,

9010A, 9012, SM-4500-CN'C, SM-4500-CN'G

1.0 SCOPE AND APPLICATION

1.1 This method is used to determine the concentration of cyanide in drinking, surface and saline waters,
aqueous wastes, leachates, sludges, oily waste, solids and soils. It is used to measure the concentration of
both total cyanide and cyanide amenable to chlorination.

1.2 The Reporting Limit (RL) for both total cyanide and cyanide amenable to chlorination using this method is
0.010 mg/L for liquid samples and 1.0 mg/kg for soils using the manual colorimetric method. The reporting
limit, method detection limit, accuracy and precision are listed in Table 5 of the Savannah Laboratories
Comprehensive Quality Assurance Plan (1).

2.0 SUMMARY OF METHOD

2.1 A measured amount of sample is refluxed in a specially designed distillation apparatus. Cyanide, as
hydrocyanic acid (HCN), is released as a gas by means of a reflux distillation operation under acidic
conditions and trapped in a sodium hydroxide absorber solution. The cyanide in the absorbing solution is
measured colorimetrically. The cyanide is converted to cyanogen chloride (CNC1) by reactions with
chloramine-T at a pH<8 without hydrolyzing to the cyanate ion. After the reaction is complete, a red-blue
colored complex is formed upon the addition of pyridine-barbituric acid reagent, and the absorbance is read
at 578nm. The concentration of sodium hydroxide must be the same in the standards, the scrubber
solutions, and any dilutions of the original scrubber solution, to obtain colors of comparable intensity.

2.2 This SOP includes a provision for automated cyanide color development using the Lachat analyzer included
in Appendix 03. The automated procedure is capable of producing lower MDLs and Reporting Limits (RL)
than the manual procedure if needed for client specific permit requirements.

2.3 When cyanide amenable to chlorination is to be determined, the sample is treated with calcium
hypochlorite under alkaline conditions for one hour. After one hour, the excess hypochlorite is destroyed
and the sample is analyzed for cyanide. The cyanide amenable to chlorination is the difference between the
total cyanide and the cyanide remaining in the sample after treatment with hypochlorite.

2.4 Reduced sample volume versions of this method that use the same reagents and molar ratios are acceptable
provided they meet the quality control and performance requirements stated in the method. This SOP is
designed for 250 ml of aqueous sample, or aqueous sample diluted to 250 ml, or 3-5 g solid aliquot diluted
to 250 ml so the distillation step can be semi-automated using a specially designed distillation apparatus.

2.5 This SOP is based on EPA Methods 335.1, 335.2,335.3(2), 9010A, and 9012(3), and Standard Methods
4500-CN'C, 4500-CN'G(4). This SOP is in fall compliance with EPA 335.2 which is approved for NPDES
samples.
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3.0 SAFETY

3.1 Cyanide is extremely poisonous. Avoid contact, inhalation or ingestion. Although very high levels of
cyanide rarely occur in environmental samples, the analyst must be careful when handling these potentially
hazardous and toxic samples.

3.2 The initial reaction product of alkaline chlorination is the toxic gas cyanogen chloride; therefore, the
preparation of samples for cyanide amenable to chlorination must be done under a well ventilated hood.

3.3 The standards and reagents used in this method should be treated as potential hazards. Lab coats, gloves,
and other protective equipment should be used when preparing and using the standards and reagents.

3.4 The Material Safety Data Sheets (MSDS) for each reagent and standards are located in each laboratory.
These sheets denote the type of hazards encountered, the safe handling instructions for these compounds,
and first aid instructions.

3.5 Care must be taken when handling the distillation apparatus. Before handling glassware that has been used,
allow the glassware to cool sufficiently for safe handling. The distillation flasks contain acids which can
cause skin bums and destroy unprotected clothing.

3.6 The absorber solution contains sodium hydroxide which can cause skin burns and destroy unprotected
clothing. This solution may also contain cyanide.

4.0 INTERFERENCES

4.1 Most interferences are eliminated or reduced using the incorporated distillation procedure.

4.2 Chlorine (residual) and other oxidizing agents when present, may cause a negative interference by
decomposing cyanides during storage and manipulation. Chlorine should be destroyed at the time of
sample collection using ascorbic acid; however, samples should be screened in the laboratory upon receipt
to verify that no residual chlorine is present.

4.3 Sulfide adversely affects the colorimetric procedures for cyanide. The maximum holding time for NPDES
permit compliance samples is 24 hours (collection to distillation) when sulfide is present (see 40 CFR Part
136.3 Table II Note 6)(5). For samples containing sulfides, the standard curve must be distilled in the same
manner as samples. A sulfide scrubber containing lead acetate/acetic acid solution is placed in the
distillation train to remove hydrogen sulfide just prior to the NaOH absorber as specified in EPA 335.2.
Samples that contain hydrogen sulfide, metal sulfides or other compounds that may produce hydrogen
sulfide under acid reflux should be distilled using the lead acetate/acetic acid scrubber. As a practical
matter since this SOP is written for water, leachates, sludges and soil matrices which have some probability
of containing sulfide, the lead acetate/acetic acid scrubber is incorporated and used on all samples along
with the distillation of the standard curve, and all samples and standards are treated with an excess of
bismuth nitrate to remove sulfide interference.

4.4 High cyanide results may be obtained for samples that contain nitrate and/or nitrite levels > 10 mg/L.
During distillation nitrate and nitrite will form nitrous acid which will react with some organic compounds
to form oximes which can decompose under test conditions to generate HCN. The interference of nitrate
and nitrite is eliminated by pretreatment with sulfamic acid. Since this SOP incorporates the addition of
bismuth nitrate to all samples, sufficient sulfamic acid is required to reduce this source of nitrate
interference.

Page 2 of 25
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4.5 The presence of surfactant may cause the sample to foam during refluxing. If this occurs, the addition of an
antifoaming agent will prevent the foam from collecting in the condenser. Fatty acids will distill and form
soaps in the NaOH absorber solution. This and other sources of turbidity interference may be compensated
using a color correction technique (see Appendix 02).

4.6 Some sulfur compounds (e.g. thiosulfate) may decompose during acidic reflux distillation, releasing sulfur,
hydrogen sulfide (H2S), and sulfur dioxide (SO2). Sulfur compounds may convert cyanide to thiocyanate
(SCN"). H2S and SO2 may interfere with the colorimetric procedure for cyanide. Sulfur dioxide forms
N^SC^ which consumes chloramine-T reagent used to convert CN" to CNC1 in the colorimetric
determination.

4.7 Other compatible procedures for removal or suppression of interferences may be employed provided they
do not adversely effect the overall method performance.

5.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING

5.1 Soil samples are collected in wide-mouth plastic or glass jars. Soil samples are stored at 4 C ± 2 C until
time of analysis and may be held up to 14 days from sample collection to distillation.

5.2 Water samples are collected in 500 ml or 1000 ml plastic or glass containers and are preserved by adding
NaOH until sample pH_> 12 followed by cooling to 4°C ± 2°C. Samples known to contain residual
chlorine are checked and chlorine neutralized in the field using ascorbic acid during sampling. A dark blue
dot (color coded) on the sample bottle indicates the bottle was provided by SL with NaOH preadded to the
bottle. Samples preserved with NaOH are maintained under refrigeration at 4°C ± 2°C for up to 14 days
from sample collection to distillation. Upon arrival in the laboratory, the pH, sulfide and residual chlorine
are checked on water samples to insure samples have been properly collected and preserved.

5.2.1 Pour a small aliquot into a plastic cup and test for chlorine (residual) using Kl-starch paper. If the water
sample contains chlorine, the paper turns a blue color. Add ascorbic acid a few crystals at a time and mix to
reduce the chlorine. Continue adding ascorbic acid until the sample produces no color on the paper KI-
starch indicator. Finally, add 0.6 g additional ascorbic acid for each liter of water. Record any adjustments
and comments.

5.2.2 Pour a small aliquot into a second plastic cup and test for sulfide using lead acetate paper moistened with
acetic acid solution and record results. The paper turns black/brown in the presence of sulfide. If the water
sample contains sulfide and is an NPDES permit compliance sample, the distillation must be performed
within 24 hours of sample collection. This is a regulatory holding time requirement for NPDES compliance
samples. These samples will be assigned method 335.2 and project manager will verify NPDES
compliance status. Any non-NPDES compliance sample with sulfide present should be distilled within 24
hours if possible or as soon as practical.

5.2.3 Check for pH using pH paper and record results. Add ION NaOH solution to adjust pH > 12 if required.
Record any adjustments and comments.

6.0 APPARATUS AND MATERIALS

6.1 Reflux distillation apparatus consisting of a 500 ml flat bottom flask connected to a West-type condenser,
scrubber, absorber, teflon tubing, connectors, neoprene rubber stoppers, air inlet, vacuum source, and hot
plates. (See Figure 6.1)
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6.2 UV-visible spectrophotometer set at 578 nm with 1 cm or larger glass cuvette. A flow through cell may be
used for manual color development.

6.3 Volumetric flasks.

6.4 Volumetric pipets

6.5 25-ml buret

6.6 250-ml plastic cups

6.7 25-ml disposable pipets

6.8 Glass centrifuge tubes

6.9 Boiling chips

6.10 Spatulas

7.0 REAGENTS

7.1 Reagent water, lab generated deionized water

7.2 Calcium hypochlorite (Fisher cat #C 100-500)

7.3 Potassium Iodide (Kl)-starch paper (VWR cat #60799-008)

7.4 Sodium Arsenite - reagent grade (VWR cat #JT3487-4)

7.5 Lead Acetate paper (CMS cat #500-595)

7.6 Sulfamic Acid - reagent (IN) - (VWR cat #1931-500 x NY) Dissolve 50 g of sulfamic acid in deionized
water and mix. Dilute to 500 ml. Prepare this reagent monthly.

7.7 Sodium hydroxide - reagent - (VWR cat #EM-SX0593-3)

7.8 Diluent solution (0.25N NaOH) Dissolve 10 g of sodium hydroxide in 800 ml of deionized water. Dilute
to 1 liter. Prepare this reagent as needed. Used during color development to dilute absorber solution when
using less than 25 ml solution (Section 10.2).

7.9 Sodium Hydroxide (ION) Measure 500 ml of deionized water into a 2 liter beaker. Place the beaker on a
magnetic stir plate and add a teflon stir bar to the beaker. Weigh out 400 g of NaOH into a 1 liter beaker.
Add a small quantity of the sodium hydroxide from the beaker to the deionized water. As the NaOH
dissolves add more of the NaOH from the beaker until all 400 g has been added. Prepare this reagent as
needed. SEE CAUTION BELOW.

7.10 Sodium Hydroxide Solution - Dissolve 1.6g NaOH in 1 liter of deionized water. This solution is used as a
diluent for CN" standardization only.

7.11 Sulfuric Acid (H2SO<) - reagent (VWR cat#2900 2.5 x NY)
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7.12 Sulfuric Acid (H2SO4) Solution (18N) measure 500 ml of deionized water into a 2 liter beaker. Place the
beaker on a magnetic stirrer with a teflon coated stir bar. Carefully and slowly add 500 ml of concentrated
H2SO< to the deionized water. Prepare this reagent as needed. SEE CAUTION BELOW.

!!!CAUTION!!!: Heat will be evolved as the sodium hydroxide or sulfuric acid mixes with water. These
solutions will cause skin burns and destroy unprotected clothing.

7.13 Sodium Dihydrogen Phosphate (NaH2PO<) - reagent - (VWR cat # 7917-500 • NY) Dissolve 138g of
sodium dihydrogen phosphate in 800 ml of deionized water. Dilute to 1 liter.

7.14 Magnesium Chloride hexahydrate (MgCl2 • 6H2O) - reagent (Fisher cat # 5958-2.5 x NY) Dissolve 510 g
MgCl2 • 6H2O in 500 ml of deionized water and dilute to 1 liter.

7.15 Pyridine-Barbituric Acid reagent (Fisher cat #P368-500, Fisher cat #1933373) Prepare this reagent in the
hood. Add 60 g barbituric acid to a 1 liter volumetric flask. Place the flask on a magnetic stir plate and add
a teflon stir bar. Add enough deionized water to wet the acid. Turn on the stir plate and add 300 ml
pyridine, mixing constantly. Slowly add 60 concentrated HC1. Continue to stir on the magnetic stirrer plate
and allow the solution to cool to room temperature. Bring to volume with reagent water. Store reagent in an
amber bottle. Prepare this reagent every 6 months.

7.16 Chloramine-T reagent (Fisher cat #01779-250) Dissolve 1.0 g of chloramine-T in deionized water and
dilute to 100 ml. This reagent is made daily.

7.17 Ascorbic acid - reagent - (VWR cat #4407-500 x NY)

7.18 Silver Nitrate (AgNO3) Titrant (0.0141N) (Fisher cat #SS82-1) Dissolve 2.395g of AgNO3 with deionized
water in a 1 liter volumetric flask and dilute to volume.

7.19 Sodium Chloride (NaCl) Solution (0.0141N) (VWR 7581-2.5 x NY) Dissolve 0.824 g of NaCl with
deionized water in a 1 liter volumetric flask and dilute to volume.

7.20 Potassium Chromate indicator solution (Fisher cat #P220-100) Dissolve 50 g of K2CrO4 in deionized
water. Add AgNO} solution until a definite red precipitate is formed. Let stand 12 hours, filter and dilute
to 1 liter with distilled water.

7.21 I Indicator Solution - Dissolve 20 mg of p-dimethylamino-benzalrhodanine in 100 ml acetone.

7.22 Scrubber solution - Dissolve 30 g lead acetate trihydrate Pb(C2H3Oj) • 3H2O + 6 ml acetic acid in 90 ml of
distilled water. Adjust pH to 4.5 with acetic acid and dilute to 1 liter.

7.23 Absorber solution (0.5 N) - Dissolve 20g NaOH and O.SOg Sodium Arsenite to 1 liter deionized water.
Prepare as needed.

7.24 Cadmium nitrate (VWR cat # 4008-125 x NY)

7.25 Bismuth nitrate (Bi(NO3)3) • 5 hydrate) Solution (0.062M) (Fisher cat #EK1938372) Dissolve 30 g
Bi(N03)3 • 5H2O in 100 ml deionized water. While stirring, add 250 ml of glacial acetic acid. Stir until
dissolved and dilute to 1 liter with deionized water.

7.26 Cyanide dilution water - Dilute 6 ml of 10 N NaOH and 1.8g ascorbic acid to 3.56 L with deionized water.
This is used to dilute samples prior to distillation.
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NOTE: All chemical reagent sources are subject to change depending on SL's yearly contract with various
vendors.

8.0 STANDARDS

Calibration and spike solutions are prepared from either certified stock solutions or from stock solutions
purchased from vendors or from stock standards prepared from neat materials. Certificates of analysis or
purity must be received with all neat compounds or stock solutions. All preparation steps must be in
accordance with SL SOP AN41: Standard Material Traceabiliry in Inorganic Analyses.

8.1 Preparation of the Stock and Working Standards

8.1.1 Stock potassium cyanide (KCN) - reagent grade (Fisher cat #P223I-100) Cyanide Stock Standard
(lOOOmg/L CN') - Dissolve 2.503 g of KCN and 2 g of NaOH in 800 ml of deionized water in a 1 liter
volumetric flask and dilute to volume. Standardize with 0.0141 N AgNO3 ( 1 mL = 1 mg CN') to determine
actual CN" concentration monthly.

8.1.2 Potassium cyanide Intermediate Standard (100 mg/L CN') Add 10 ml of the potassium cyanide stock
solution (lOOOmg/L CN") to a 100 ml volumetric flask and dilute to volume with deionized water (1 ml =
100 pg CN'). This standard is used to prepare the undistilled check standard/CCVS, MS/MSD and the
calibration standards. Prepare on the day of standardization.

8.1.3 Stock sodium cyanide (NaCN) - reagent grade (Fisher cat #S284I-100) Cyanide Stock Standard
(lOOOmg/L CN') - Dissolve 2.50g NaCN and 2 g NaOH in 800 ml of deionized water in a 1 liter volumetric
flask and dilute to volume (1 mL = 1 mg CN'). Standardize with 0.0141 N AgNO3 (1 mL = 1 mg CN") to
determine actual CN" concentration monthly.

8.1.4 Sodium cyanide Intermediate Standard (lOOmg/L CN") Add 10 ml of the cyanide stock solution
(lOOOmg/L CN") to a 100 ml volumetric flask and dilute to volume with deionized water (1 mL = 100 ^g
CN"). This standard is used as an independent second source standard for LCS/LCSD. Prepare on the day
of standardization.

NOTE: All standard sources are subject to change depending of SL's yearly contract with various vendors.

8.2 Standardization of AgNO3 titrant is performed monthly.

8.2.1 Measure 100 ml of deionized water which is used as a blank.

8.2.2 Add 1 ml of potassium chromate indicator solution and titrate to a pinkish yellow end point. A blank of 0.2
to 0.3 ml is usual. Run in duplicate to verify and average results.

8.2.3 Dilute 10 ml of 0.0141N NaCl solution to 100 ml with deionized water.

8.2.4 Add 1 ml of potassium chromate indicator solution and titrate with AgNO3 solution to pinkish yellow end
point. Record the volume of AgNO3 solution. Run in duplicate to verify normality and average results.

8.2.5 Calculation: The normality of AgNO3 solution is calculated based on the following formula:

N of AgN03 = (N of NaCl x ml NaCl) + Blank corrected ml of AgN03
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8.3 Standardization of Stock Cyanide Standards (KCN & NaCN) performed monthly

8.3.1 Measure 100 ml of the NaOH solution (7.10)

8.3.2 Add 0.5 ml of the indicator solution (7.21) and titrate to the first change in color from a canary yellow to a
salmon color is seen. Run in duplicate to verify and average results.

8.3.3 Titrate the primary stock standard (KCN) as in 8.14 using 10 ml of the 1000 mg/L KCN standard + 90 ml
NaOH (7.10) solution.

8.3.4 Titrate the secondary stock standard (NaCN) as in 8.14 using 10 ml of the 1000 ma/L NaCN standard + 90
ml NaOH (7.10).

8.3.5 Calculations

each Ag(CN)2 requires 2KCN based on the following reaction Ag" + 2CN' - [Ag(CN)2.]-.

N of KCN = (2 x blank corrected ml of AgNO3 x N AgNO3) - ml KCN

CM' concentration (mg/L) =({N KCN x 26.03g} x 1000) - 1 Liter

NOTE: The same procedure and equations apply for NaCN standardization.

8.4 Generation of the calibration curve: Methods 9010A, 335.2, 335.3 9012 and SM-4500-CN requires the
distillation of the calibration standard curve for samples containing H2S. Samples which do not contain H:S
can be analyzed using an undistilled calibration curve; however, a low and high standard needs to be
distilled daily along with the samples to verify the distillation process can achieve ± 10% of the true value.
The manual distillation of the standard curve and color development is a very time consuming process.
Since samples may arrive on any given day containing H2S requiring both 24 hour sample distillation and
distillation of the standard curve, the distilled calibration curve is prepared in advance and is good for 30
days or until CCVS fails to meet ± 10% acceptance criteria. Standard are distilled in the same manner as
samples (section 9.2). The undistilled check standard is generated daily and must meet the ± 10%
acceptance criteria outlined in section 10.10.

Depending on the true concentration of KCN and NaCN determined after the monthly standardization, the
final concentrations of the calibration standards may change slightly. An example for generating a
calibration curve is listed in 8.4.1.

8.4.1 The KCN intermediate standard (100 mg/L) is used to prepare the calibration standards. Add the volumes
of the KCN intermediate standard given in the table below to individual distillation flasks. Dilute to 250 ml
with the CN" dilution solution (7.26).

Volume of the 100 me/L
KCN Standard (mC)

0.000

0.040

0.100

0.200

0.300

0.400

0.500

Final Volume
(mL)

250

250

250

250

250

250

250

Concentration of the CN"
Calibration Standard (mg/L)

0.000

0.016

0.040

0.080

0.120'

0.160

0.200

These standards are distilled and color developed in the same manner as the samples.
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8.5 Verification of the Calibration Curve (performed with each color development batch)

8.5.1 Prepare the undistilled check standard/CCVS from the KCN intermediate standard (100 mg/L) by pipetting
0.15 ml of the 100 mg/L KCN standard into a 100 ml volumetric flask containing 25 ml of diluent solution
(7.8) (dilute absorber solution). Proceed with color development as in steps 10.3 through 10.8.

8.5.2 Assess recovery of the undistilled check standard/CCVS to determine if the calibration curve may be used
for calculation of sample results. The recovery of the undistilled check standard/CCVS must be ± 10% of
the true value.

9.0 SAMPLE PREPARATION AND DISTILLATION

9.1 Chlorination Step for Cyanide Amenable to Chlorination

9.1.1 Transfer 250 ml or an aliquot diluted to 250 ml of an aqueous sample or 3-5g of a soil, oil or sludge sample
diluted with 250 ml of CN" dilution solution (7.26) to a 500 ml beaker.

9.1.2 Place the beaker onto a magnetic stir plate in a fume hood. Add a Teflon stir bar to the beaker and stir the
sample. Cover the sample with a box . This step must be performed in the dark since K3[Fe(CN)6] may
decompose under UV light and hence will test positive for cyanide amenable to Chlorination if exposed to
fluorescent lighting or sunlight.

9.1.3 Two sample aliquots are required to determine cyanides amenable to Chlorination, one that has been
chlorinated to destroy all amenable cyanide present and the other unchlorinated. Add approximately 0.5 g
of calcium hypochlorite to one sample aliquot while stirring for the cyanide amenable to Chlorination test.
The pH should be maintained between 11 and 12 using 1.25 N NaOH solution during alkaline Chlorination.
Check the sample for hypochlorite using Kl-starch paper and continue to add hypochlorite and maintain the
pH until an excess of chlorine is present. Check the sample for chlorine every 15 minutes until the 1 hour
alkaline Chlorination is complete. Sample should be stirred continuously during Chlorination procedure.

9.1.4 After 1 hour, add 0.5 g portions of ascorbic acid to the chlorinated aliquot until Kl-starch paper shows no
residual chlorine (paper is white). Add an excess of ascorbic acid to insure the presence of reducing agent.
Add ascorbic acid to the second aliquot to be used for total cyanide so both portions will have the same
approximate ascorbic acid level.

9.1.5 The sample is now ready to be distilled and analyzed for cyanide content. Distill both the chlorinated and
unchlorinated aliquots as in the method for total cyanide (section 9.2). Distill and analyze both aliquots in
the same batch if possible using the entire sample treated by alkaline Chlorination. Calculations for cyanide
are based on the original volume or weight measured at the start of the process.

9.2 Sample and Standard Distillation

9.2.1 Assemble the distillation apparatus as shown in Figure 1. Place 25 ml of 0.5 N NaOH into each absorber
tube.

9.2.2 Place 28 ml of the lead acetate/acetic acid mixture in each scrubber tube. Make sure that the glassware is
properly assembled and there are no leaks in the system. The lead acetate/acetic acid scrubber is placed in
line just prior to the NaOH absorber.

9.2.3 Add 250 ml or an aliquot diluted to 250 ml of an aqueous liquid sample or 3-5 g of a soil, oil or sludge
sample diluted to 250 ml with CN" dilution solution (7.26) to the 500 ml flat bottom distillation flask.
Record all volumes and weights in the log book.

9.2.4 Turn on the cooling water to the condensers.

9.2.5 Insert an inlet tube into each flask and turn on the vacuum. Adjust the flow so the scrubbers and absorbers
are bubbling vigorously and air bubbles enter the boiling flask.

9.2.6 Add 25ml of bismuth nitrate solution to the sample through the inlet tube. This is to eliminate potential
sulfide interference. Although samples are checked for free sulfide using lead acetate paper, bismuth nitrate
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is used to eliminate complexed sulfide released during acid reflux from the solids sample matrix.

9.2.7 Add 10 ml of I N sulfamic acid through the inlet tube, to eliminate nitrate interferences. Mix for three
minutes. Excessive use of sulfamic acid could create a method bias.

9.2.8 Slowly add 25 ml of 1:1 H2SO4 to each sample through the inlet tube. Mix the sample while adding H.SO,
solution. Rinse the tube with deionized water and allow the air flow to mix the flask contents for 3 minutes.

9.2.9 Turn the hot plates on high.

9.2.10 Add 10 ml of the magnesium chloride solution to each flask through the inlet rube.

9.2.11 When condensate begins to drip back into the flask from the condenser begin timing for 1 hour.

9.2.12 After 1 hour, turn the hot plates off and let the system cool with the air flowing through the system for 20
minutes.

9.2.13 Turn off the vacuum and the water flow to the condensers. Remove the absorber tubes from the apparatus.

9.2.14 Rinse the absorber inlet tube several times with deionized water. The rinsate is added to the absorber tube
and diluted to 50 ml final volume with deionized water and color developed as soon as convenient or no
later than 72 hours after the distillation. Distillation of the samples must be initiated within 14 days of
sample collection.

10.0 MANUAL COLOR DEVELOPMENT PROCEDURE

10.1 Turn on the spectrophotometer and allow it to warm up for 30 minutes before absorbance readings are
taken. Set the wavelength to 578 nm.

10.2 Pipet 25 ml of each sample distillate, or sample diluted to 25 ml with diluent solution (7.8) into a 100 ml
volumetric flask containing 25 ml of deionized water. This includes the samples, LCS/LCSD, MSD/MSD
and the Method Blank. The undistilled check standard/CCVS is also prepared as in step 8.5.1, at this time.

10.3 Pipet 15 ml sodium phosphate buffer solution to each flask.

10.4 Pipet 2.5 ml of the Chloramine-T solution to each flask and mix well.

10.5 Let stand for one minute.

10.6 Test for the presence of chlorine with Kl-starch paper. Add additional chloramine-T if necessary.

10.7 Add 5 ml of the pyridine-barbituric acid solution to each flask and dilute to 100 ml with deionized water.
Allow 8 minutes for color development.

10.8 Zero the spectrophotometer with the cuvette or flow through cell filled with continuing calibration blank at
the beginning of each run (and after every 10 samples). Then read the absorbance of the sample distillates
on the spectrophotometer. All absorbance measurements must be made within 15 minutes of color
development. The color will range, depending on the concentration of cyanide present, from yellow to
violet.

10.9 Starting with the CCVS pour the test solution into a clean 1-cm cuvette and place into the sample holder of
the spectrophotometer. Read and record the absorbance on the cyanide analysis log. Continue reading and
recording the absorbances of the standards and samples. A flow through cell system can also be used on
the spectrophotometer.

10.10 The samples and standards must be analyzed in this specific order. The analysis sequence is:

• undistilled continuing calibration blank (CCB)
• undistilled calibration verification standard (mid-level)

(CCVS) must be recovered at ± 10% of true value
CSI SAVANNAH LABORATORIES
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• 10 client samples or QC item readings
• undistilled continuing calibration blank (CCB)
• undistilled continuing calibration verification standard
(CCVS) must be recovered at ± 10% of true value

• 10 client samples or QC item readings
• Complete the sequence with a CCB and CCVS

CCB's and CCVS's are not distilled but contain all of the reagents used for color development.

10.11 Evaluate the Calibration Curve

10.11.1 Using a calculator or a PC capable of linear regression, enter either the concentration values(mg/L) or ug of
CN" added (x-axis values) and the corresponding absorbance values (y-axis values). The correlation
coefficient of the calibration curve must be greater than or equal to 0.995 to determine the slope of the
curve. If this criterion is not met, consult the immediate supervisor for help in determining the cause of the
failure. If the problem cannot be resolved, the calibration curve must be prepared, analyzed and evaluated
again. This means that all sample and QC item distillates associated with the calibration standards will have
to be reanalyzed.

11.0 DATA ANALYSIS AND CALCULATIONS

11.1 After the slope of the curve is determined calculate the results of the samples as follows in sections 11.2 or
11.3:

11.2 Using the amount of CN' (ug) vs. absorbance:

11.2.1 Determine the ug of CN' in each sample:

ugCN' = absorbance of samples x slope of curve

11.2.2 Determine the mg/L of CN' in each sample:

Liquids: mg/L CN' = [(ug CN' x FV ) - C ] - S

FV = Final volume absorber solution (50ml)
C = Volume used for color development (ml)
S = Sample size distilled (ml)

Soils: mg/Kg dw CN' = {[(ug CN' x FV) - C] - S} - Solids
FV = Final volume absorber solution (50 ml)
C = Volume used for color development (ml)
S = Sample size distilled (g)
Solids = Decimal equivalent of the percent total solids ("Solids" = percent total solids + 100%)

For example, if the percent total solids of a sample is 85%, the Solids = 0.85; if the total solids is 100%, the
solids = 1.0; if the percent total solids is 8.4%, the solids = 0.084.

11.3 Using concentration vs. absorbance:

Liquids: mg/LCN'= (Abs - Slope) x DF

ABS = absorbance determined on spectrophotometer
Slope = slope determined from calibration curve
DF = Dilution factor (if any)

Soils: mg/Kg CN' = [(Abs + Slope) x (0.25 + IW)] + Solids
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Abs = absorbance determined on spectrophotometer
Slope = slope determined from calibration curve
IW = Initial weight (Kg)
Solids = Decimal equivalent of the percent total solids. ("Solids" = % Total Solids - 100%)

For example, if the percent total solids of a sample is 85%, the solids = 0.85; if the percent total solids is
100%, the solids = 1.0; if the percent total solids is 8.4%, the solids = 0.084.

11.3.1 Soils are calculated on a dry weight basis unless specified by the client.

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch consists of 1 to 20 client samples and the associated QC items that are distilled and
analyzed together. The QC items for an analytical batch consist of a method blank, a lab control standard
(LCS), and lab control standard duplicate (LCSD), a matrix spike (MS),a matrix spike duplicate (MSD)
which are distilled. A continuing calibration verification standard (CCVS) and ICB and continuing
calibration blank (CCB) are also analyzed undistilled.

12.2 Evaluation of QC Data

12.2.1 The method blank is reagent water that is taken through all distillation and analytical procedures. The
concentration of cyanide in the method blank is a measure of the contamination due to the entire distillation
and analytical process.

12.2.1.1 The concentration of cyanide in the method blank must be less than 0.010 mg/L for liquids and 1.0
mg/kg for soils.

12.2.1.2 If the concentration of cyanide in the method blank is greater than 0.010 mg/L for liquids and 1.0 mg/kg for
soils, contact the immediate supervisor to determine the cause of the contamination. If the cause of the
contamination cannot be determined and corrected, the batch of samples processed with the method blank
must be analyzed again.

12.2.2 The LCS/LCSD are standards obtained or prepared from a separate source ( a source different from the
source of the calibration standards). The standard is NaCN.

12.2.2.1 The recoveries (%REC) of the LCS/LCSD must be between 85%-l 15%. The relative percent difference
(%RPD) between the LCS/LCSD must be less than 30%.

12.2.2.2 If the recovery of cyanide in the LCS or LCSD is outside of the 85-115% range, contact the immediate
supervisor to determine the cause. If the cause of the failure of either the % REC or %RPD cannot be
determined and corrected, the batch of samples processed with the LCS/LCSD must be distilled and
analyzed again.

12.2.3 The matrix spike and matrix spike duplicate (MS/MSD) is prepared by adding a known concentration of the
100 mg/L KCN standard to a known volume of a sample. The spiked samples are processed through the
entire distillation and analytical procedure. The accuracy and precision results from the MS/MSD are a
measure of the effect that the sample matrix has on the determination of cyanide.

12.2.3.1 The recoveries (%REC) of the MS/MSD should be between 75-125%. The %RPD for the MS/MSD should
be less than 30%.

12.2.3.2 If the recovery of cyanide in the MS/MSD is outside of the 75-125% range, contact the immediate
supervisor to determine the cause. If the %RPD of the MS/MSD is greater the 30%, contact the immediate
supervisor to determine the cause. If the cause of the failure of either the %REC or % RPD cannot be
determined and corrected and the LCS/LCSD are within the specified control limits, the cause can be
attributed to matrix interference(s).
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12.2.4 The undistilled check standard/CCVS must be within 10% of the true value of the KCN standard at the
beginning of the batch, after every 10 samples and the at the end of the batch.

12.2.5 The method detection limit (MDL) is defined as the concentration of an analyte that can be measured with a
99% confidence that the result is greater than zero. The MDL is determined by spiking 7 to 10 aliquots of
reagent water or 7 to 10, 3-5 g aliquots of blank soil (a soil that has been analyzed previously and found to
contain no CN') with a known concentration of CN'. The spiked samples are taken through the entire
distillation and analytical process. The results of the analysis are used to calculate the MDL. A procedure
is given to eliminate outliers from the MDL calculation. MDL studies are performed annually. When a
new chemist/analyst begins work on cyanide an initial demonstration of laboratory capability (IDLC) must
be performed consisting of a minimum of 4 replicates based on LCS/LCSD spiking levels with accuracy
and precision achieved within SL QA Plan criteria.

12.2.6 Prepare the spiked samples for the determination of the MDL study.

12.2.6.1 Spike 7 to 10,250 ml aliquots of reagent water with 0.025 ml of the cyanide matrix spiking solution (100
mg/L; Section 8.1.2). The concentration of cyanide in the water sample is 0.010 mg/L for the manual color
development procedure.

NOTE: For projects which require Florida DEP QAS criteria, matrix spike results will be utilized for
laboratory control. If the matrix spikes are out of control, laboratory control standard and method control
criteria will be utilized for ultimate control of the analytical batch.

13.0 PREVENTIVE MAINTENANCE

No guidance available in this revision.

14.0 TROUBLE-SHOOTING

No guidance available in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan, and Corporate Quality Assurance
Plan, current revisions.

15.2 Methods for Chemical Analysis of Water and Wastes: U.S. EPA Office of Research and
Development: Cincinnati, OH, March 1983 EPA 600/4-79-020 Revised march 1983. EPA
method 335.1,335.2, 335.3.

15.3 Test Methods for Evaluating Solid Waste. SW-846, Third Edition; U.S. EPA Office of Solid
Waste and Emergency Response: Washington, D.C., Update I, II and III, September 1994. EPA
method 9010A, 9012.

15.4 Standard Methods for the Examination of Water and Wastewater. Eighteenth Edition, APHA;
Washington, D.C., 1992. SM methods 4500-CN'C, SM-4500-CN'G, SM-4500-CN'C, SM-4500-
CN'G

15.5 Code of Federal Regulations. Title 40, Part 136; U.S. Government Printing Office, Washington
D.C.July 1, 1993.
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APPENDIX 01.1
Field Method for Checking and Removing Residual Chlorine

Oxidizing agents, such as chlorine decompose most cyanides during storage and therefore should be removed at
sample collection if known to be present. Collect water sample in 500 or 1,000 ml bottle. Check for the presence of
chlorine using Kl-Starch paper. If the water contains chlorine, the paper turns a blue color. Add ascorbic acid until
the sample produces no color on the Kl-Starch paper indicator. Finally, add 0.6 g additional ascorbic acid for each
liter of water sample. Water samples which produce a negative chlorine test do not require addition of ascorbic acid.
Add 2 NaOH pellets after chlorine is destroyed and check pH using pH paper or pH meter. Additional NaOH may
be required to adjust pH z 12. Record any adjustments or comments in field notebook. Samples which are not
chlorinated (e.g. groundwater) do not require field test for chlorine.

Drinking water samples can be collected for cyanide using bottles prepared in the laboratory with ascorbic acid and
NaOH pellets preadded to the sample bottles.

Page 13 of25 ^ I SAVANNAH LABORATORIES
. SCRVICCS. INC



GE46-M:03.05.96:0

APPENDIX 01.2
Field Method for Detecting Hydrogen Sulfide (H2S)

Sulfide may adversely affect the colorimetric procedures for cyanide and can be removed in the field or in the
laboratory during distillation. Collect water sample in 500 or 1,000 ml bottle. Check for the presence of sulfide
using moistened lead acetate paper. The paper darkens, turns black/brown, in the presence of sulfide. If the water
sample contains sulfide and is a NPDES permit compliance sample, the distillation must be performed within 24
hours of sample collection. This is the regulatory holding time requirements for NPDES compliance samples.
Notify the project manager if a sample contains sulfide to coordinate the holding time requirement or how to
manager potential interference from sulfide.
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APPENDIX 01.3
Field Method for Removing Hydrogen Sulfide (HjS)

Water samples thought to contain sulfide should be tested for the presence of sulfide in the field using lead acetate
paper before addition of NaOH for pH adjustment. If sulfide is present, it can be removed by complexing with
cadmium nitrate powder until a negative sulfide test is obtained, followed by filtration to remove CdS precipitate.
Sodium hydroxide (NaOH) is then added to the filtrate to adjust the pH > 12. These steps must be performed on
water samples in the field with sulfide precipitation, filtration and NaOH addition to pH > 12 in this order. Since
cadmium nitrate produces a potentially hazardous waste, it's use in removing sulfide by SL personnel is
recommended only on NPDES samples containing sulfide in situations where the samples cannot be distilled within
24 hours of collection. The filtration step removes insoluble complexed cyanide compounds; therefore, if water
samples contain paniculate matter this solid fraction must be removed by filtration and analyzed separately as
insoluble CN' or removed by filtration and added back to the filtrate before distillation to measure total cyanide.
Perform field sulfide removal only upon instructions of the project manager.
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APPENDIX 01.4
Field Method for pH Adjustment of Samples

Collected for Cyanide

Cyanides are very reactive and unstable; therefore, adjust pH * 12 and cool at time of collection. If samples are
known to be free of chlorine and sulflde, sample bottles can be prepared by adding NaOH pellets to empty bottles.
Check pH to insure pH z 12 using pH meter or pH paper. Add additional NaOH to adjust pH i 12.
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APPENDIX 02
Color Correction Procedure for Manual Color Development

Color and turbidity may interfere with the colorimetric determination of the sample. To correct for these
interferences two sample aliquots will be used for color development. For aliquot (A) follow all steps in section 10
for color development. For aliquot (B) follow all steps in section 10 excluding step 10.4, the addition of chloramine-
T. Calculate mg/L CN. in both aliquots as in section 11.0.

mg/L CN- = A - B
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APPENDIX 03
Cyanide Color Development: Lachat QuickChem AE Procedure

SCOPE AND APPLICATION

This automated method for cyanide determination is applicable to absorber solutions distilled from ground water,
drinking water, Surface water, domestic and industrial wastes, sediments, and soils. The practical quantitation limits
for this method are 0.010 mg/L in liquids and 1.0 mg/kg in soils.

SUMMARY OF METHOD

This procedure utilizes reaction of cyanide with Chloramine-T to form cyanogen chloride which then reacts with the
pyridine-barbituric reagent to give a red-blue colored complex. This SOP is based on EPA Method 335.3, 9012 and
Lachat Method 10-204-00-1-A.

INTERFERENCES

Preliminary distillation with sulfide scrubbing will eliminate sulfide, turbidity and salt effects. Volatile organic
acids, however, may carry over to the absorber. Their turbidity may be
compensated for via color correction techniques.
Carbon dioxide, (CO2) liberated from carbonate containing samples, causes bubbles during analysis on the Lachat
auto analyzer. Calcium hydroxide is added to the absorber solution to precipitate the CO2
as calcium carbonate, which is either settled or filtered to remove interference.

APPARATUS AND MATERIALS

QuickChem AE autoanalyzer:
Automatic Sampler
Proportioning pump
Cyanide Reaction Module
DQM Software

APPARATUS AND MATERIALS (Continued)

Disposable 50-mL polypropylene centrifuge tubes with flat caps
Filters, 0.45 um

Volumetric flasks: 100, 200, 250 mL

Pipettes: 20, 50, lOOuL

Autoanalyzer tubes, 13 mm diameter by 100 mm long

Scintillation vials (20-mL) with foamed polyethylene lined
with polypropylene caps

REAGENTS AND STANDARDS

Note: Unless otherwise specified, all reagent chemicals and standards are Analytical Reagent grade (AR or ACS).
When this criterion is met, specific supplier is not a consideration. A list of current suppliers is given in appendix
B. These may change as Purchasing identifies competitive suppliers.

Water is deionized, Type II.

Calcium Hydroxide: Powder.
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Carrier: (Diluted Absorber Solution)

Dissolve 10 g sodium hydroxide (NaOH) and 0.4 g sodium arsenite (NaAsOj) in water and dilute to 1 L.
Store up to 1 month in polypropylene.

Phosphate Buffer, 9.71 M:
Dissolve 97 g anhydrous potassium dihydrogen phosphate (K2H,PO4) in water. Dilute to 1 L. Store in
brown glass in the refrigerator up to 1 month.

Chloramine-T: Dissolve 2 g Chloramine-T hydrate in 500 mL water. Storage life is only 1 week.

Pyridine-Barbituric (Py-Bar) Acid Reagent: Either dilute manual method Py-Bar 1 + 3 with water or
prepare as follows: Disperse 15 g barbituric acid in 100 mL water in a covered 1-L jar. When thoroughly
dispersed, add 75 mL pyridine. Continue stirring for at least 2 hr, preferably over night. Add 15 mL
concentrated hydrochloric acid (12 M HC1) and continue stirring for at least 1 hr. Transfer to a 1 L brown
glass bottle and dilute to the base of the neck. Store in the refrigerator only 2 weeks. (Due to the limited
stability of diluted Py-Bar, it is advisable to dilute only enough manual method Py-Bar to make the day's
run on the analyzer. Typically 100 mL of manual method Py-Bar diluted to 400 mL is adequate.)

The primary stocks for standards are the = 1000 mg/L stock CN' for 335.2 and the = 100 mg/L working
stock. The calibration standards shown below are made by diluting the appropriate stock with carrier an are
stable for 1 week.
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TABLE I. CALIBRATION STANDARDS

Stock Concentration: 949 mg/L
Hundred Stock: 949.1 mg/L

Standard

A

B

C

D

E

F

G

H

I

J

Standard
Used (mg/L)

949

94.9

949

94.9

Standard A

Standard A

Standard A

Standard A

Standard A

Standard A

Volume of
Standard (mL)

0.500

0.500

0.100

0.100

1.000

0.500

0.250

0.100

0.500

0.000

Final
Volume (mL)

100

25

100

25

25

25

25

25

25

Cone. CN
(mg/L)

4.74500

1.89800

0.94900

0.37960

0.18980

0.09490

0.04745

0.01898

0.00949

0.000

SAMPLE COLLECTION, PRESERVATION AND HANDLING

Per GE45:10.20.96:ML01, Manual Distillation and Manual Colorimetric Determination.

PROCEDURE

Add 2 spatula scoops of calcium hydroxide to a disposal centrifuge tube and transfer the 50 ml of absorber
solution to it. Shake it up well. Allow to settle overnight or filter on nylon 0.45 u membrane filters. This is
to remove carbon dioxide which may cause air bubbles in the system.

Turn on the system unit (QuickChem AE) and data manager (IBM PS computer). Install the Cyanide
Reaction Module. Set up the Cyanide Method and Reaction Module per data in Appendix C before the
first run. Subsequent use will require only downloading the existing method (Directions below).

Fill water containers with fresh water. Put the reagent lines into a 1 -L beaker filled with DI water. Start the
reagent pump and clamp down the tube cartridges. When all air bubbles have passed the photometer head,
down-load the Cyanide method from the Analysis-Select Menu option.

When the Edit menu comes up, move to the right to the Programs option. Select Load Calibration. Select
the latest calibration or calibrate at this time and tap Enter. The Edit menu will return. Select
Identification. Key sample ID information into the identification field and enter any dilution factors into
Dilution. (Sample volume of 250 mL and absorber final volume of 50 mL are assumed and programmed
into the report generator program. Reduced sample volumes, due to known high level samples, must be
taken into account: divide 250 by the actual sample volume and enter the result as the dilution factor.)

Cyanide concentrations for solid samples are calculated on a mg/kg dry weight basis from percent solids
determinations conducted separately.

Save the template: Escape to the Edit menu and move left to the File menu. Select Write Template
(Method). Name it as a pseudo date: 95062301, for example. When you tap Enter, the template will be
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written to disk. Print out a copy to use as a benchsheet via the Export selection of the File menu.

Transfer clear absorber solution to analyzer tubes in the order given in the template. Place the reagent lines
in the proper reagents and cover the necks of the bottles with parafilm: Refer to the Method Diagram in
Appendix C for the tube colors which correlate to the chemicals.

Place vials of 1 mg/L standard in the tray at positions C and 14. Put a vial of carrier in position 10. Place
the tray on the right end of the sampler rack.

Submit the sample tray and observe results intermittently in the run-time-partition while continuing other
duties.

When the run is finished, transfer the carrier and reagent suction lines to the wash beaker. Run water
through all lines for 4 min. then pump the lines dry (4 min.). Release the tube cartridges and shut down
the pump. Meanwhile, print the post-run report, check PIF's, LCS/LCSD and MS/MSD recoveries.

QUALITY CONTROL/QUALITY ASSURANCE

A calibration curve with (10) points (0.00 to 5 mg/L, per Table I) is analyzed at least quarterly. Linear
regression must provide a correlation coefficient a 0.995 in each segment. It is verified by running fresh
standards, per Table I, which must be recovered 95.0 to 105.0%, quarterly. If the calibration fails to meet
acceptance criteria the cause should be investigated and corrected. If this effort fails, recalibrate.

An initial calibration verification standard (ICVS, 1.0 mg/L) is analyzed each time the calibration is loaded.
A blank and a continuing calibration verification standard (CCVS, 1.0 mg/L) are run at the beginning of
each tray, after every 10 samples or QC items, and at the end of each tray.

One MS/MSD pair, one LCS/LCSD pair, and one distilled method blank are analyzed for each batch of 20
samples or fraction thereof. LCS/LCSD recovery and method blank must meet the CQAP criteria for
sample data to be reportable.

PREVENTIVE MAINTENANCE

Sample pump tubes (2 greens) need to be replaced monthly. Pump tubes on the board need to be replaced
at least bimonthly, more often when run frequency exceeds 2 per week.

Valve flares need to be replaced annually.

Wash up chemical spills promptly.

TROUBLESHOOTING

Negative peaks for the instrument blank and low standards are usually due to analyte in the carrier. Replace
with fresh and protect from contamination with the analyte.

Slight plugging of the chemical and carrier suction lines and any of the Ts on the board will cause timing
variations and/or low response. When these symptoms are present, disassemble and inspect the same from
the suction weights to the drain. Clear obvious debris with a syringe needle or the drill bit supplied in the
Lachat parts kit.

SAFETY

Exercise good common sense when handling chemicals and samples. Wear rubber gloves, a labcoat and
safety glasses.

Work in a hood when making Py-Bar reagent.
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APPENDIX A, Example run template:
+Operator:BB
+Commentl:CN, 9012, 0.010 to 5.0
+Comment2:
+Comment3:
+Comment4:
+01,LCSG-III-20-74.0 ,1, 1.00, 1.0000, 4.0000, 1.0000,
+02.LCS G-III-20- 7 4.0 ,1, 1.00, 1.0000, 4.0000, 1.0000,
+03, ,1, 1.00, 1.0000, 0.0000, 1.0000,

0.5000, 1.0000,
+05,+Matrix Spike Duplicate,!, 1.00, 1.0000, 0.5000,
+06,

+04,+ Matrix Spike

1.0000,

,1, 1.00, 1.0000,

+07,
+08,.. ,1,
+09, ,1,
+ 10, ,1
+11, ,1,
+12, ,1,
+ 13, ,1,
+14, ,1,
+15, ,1,
+ 16, ,1,
+ 17, ,1,

1 .00, 1.0000, 0.0000,
LOO, 1.0000, 0.0000,
1 .00, 1.0000, 0.0000,
.00, 1.0000, 0.0000,
.00, 1.0000, 0.0000,
.00, 1.0000, 0.0000,
.00, 1.0000, 0.0000,
.00, 1.0000, 0.0000,
.00, 1.0000, 0.0000,

1. 00, 1.0000, 0.0000,
+18, ,1, 1.00, 1.0000, 0.0000,
+19, ,1,
+20, ,1,

LOO, 1.0000, 0.0000,
LOO, 1.0000, 0.0000,

+21, ,1, 1.00, 1.0000, 0.0000,
+22, ,1,
+23, ,1,

LOO, 1.0000, 0.0000,
LOO, 1.0000, 0.0000,

1.0000,
1.0000,
1 0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,

+24,Unspike2 ,1, 1.00, 1.0000, 0.0000, l.OC
+25,+ Matrix Spike ,1, 1.00, 1.0000, 0 5000, 1.1.0000,
+26,+Matrix Spike Duplicate,!, 1.00, 1.0000, 0.5000, 1.0000,
+27.SLES DI Water ,1, 1.00, 1.0000, 0.0000, 1.0000,
+28,+Reag Watr Spike ,1, 1.00, 1.0000, 0.5000, 1.0000,
+29,+ ReagWatr Spike Duplic,!, 1.00, 1.0000, 0.5000, 1.0000,
+30,..
+31,
+32,
+33,
+34,
+35,
+36,
+37,
+38,
+39,
+40,
+41,
+42,

I, ]
I,

>

)

*

)

1

I

»

, 1
, 1
, 1

LOO,
.00,
.00,
.00,
.00,
.00,
.00,
.00,
00

.00,

.00,

.00,

.00,

1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,

0.0000,
0.0000,
0.0000,
0.0000,
0.0000,
0.0000,
0.0000,
0.0000,
00000,
0.0000,
0.0000,
0.0000,
0.0000,

1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
1.0000,
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APPENDIX B:

Barbituric Acid: Acros 18092-5000

Calcium Hydroxide: MallirJcrodt 4195-500

Chloramine-T: Fisher 01779-250

Hydrochloric Acid: Baker 9530-33

Potassium Cyanide: Fisher P226-500

Pyridine: Fisher P368-500

Sodium Arsenite; Fisher S225-100

Sodium Hydroxide: E. Merck SX0593-3
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APPENDIX C:

QuickChem AE Method Parameters
Cyanide

Software:

Detector Boundary Segments: A - F and F -1

Signal Processing: Direct Absorbance, ADC = -1

Auto Dilution: Not Used

Data Window: Top Scale: 0.50 Bottom Scale: 0.0

Mode; Manual
Cycle Period: 61s
Transition to LOAD: 20 s after start of cycle
Transition to INJECT: 30s after start of LOAD

Lead baseline start; 27 s after inject
Lead baseline width: 2 s
Peak Start: 29s after inject
Peak Width: 43 s
Trailing Baseline Start 72 s after inject
Trailing Baseline Width 2 s

Standards Protocol: a b c d e f f g h i i

Unit Timing;
Cycle Period; 61s
Probe in Sample: 35.5 s
Mode: Automatic

Pump to standby after no activity for 600 s
Analysis start waits 20 s after tray submission to assure flow
stability.

Board Configuration:
Sample Loop: 150cm
Wave Length: 570 nM
Heat: 650 + 175 cm @ 60° C
Pump Speed: 37

Tube Colors:
Carrier: Orange
Buffer: Orange
Chloramine-T: Orange
Py-Bar: Gray
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Approval
Signature:__ _____

'R. Wayne£obhifs
Title: Corporate QA Manager

Date:

MERCURY: VARIAN SPECTRA AA 20

1.0 SCOPE AND APPLICATION

This method describes the cold-vapor atomic absorption procedure for the determination of
mercury in liquids, groundwaters, soils and sludges.

The practical quantitation limit for this method is 0.2 )ig/L in fresh waters or in saline waters,
and 0.010 mg/kg in solid matrices.

2.0 SUMMARY

This method is based on the absorption of characteristic radiation at 253.7 nm by mercury vapor.
After digestion, the mercury is reduced and aerated from solution in a mixing coil. The mixture

passes through a gas/liquid separator and then vapor passes through a flow cell positioned in the
light path of an atomic absorption spectrophotometer. Absorbance is measured as a function of
mercury concentration. This procedure is adapted from Methods 7470 and 7471 from SW-846
(2).

3.0 INTERFERENCES

Potassium permanganate is added to eliminate the possibility of sulfide interference and digested
organic.

Chlorine is known to interfere. Because chlorides are oxidized to free chlorine during the
oxidation step, addition of extra permanganate may be necessary for chloride-containing samples.

During digestion, sample bottles are left open so free chlorine can escape. Also, free chlorine can
be reduced by using an excess of hydroxylamine sulfate reagent (25 mL).

4.0 APPARATUS AND MATERIALS

Varian Spectra AA 20: This provides a mount for the absorption cell and mercury lamp.

Mercury hollow cathode lamp

Absorption cell: The cell is 171/: cm long with quartz end windows.

VGA 76 - Vapor generation accessory

Mixing coil

Pump tubing: Tygon tubing is used to pass the sample from the test tube through the mixing coil
into the gas/liquid separator.

Volumetric glassware
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Printer

5.0 REAGENTS AND STANDARDS

DI water: DI water is monitored for impurities. Conductivity is checked daily and must be < 1
(jjnho in order to be used.

Nitric acid, concentrated: reagent grade

Sulfuric aid, concentrated: reagent grade

Hydrochloric acid, concentrated: reagent grade

Aqua regia: Prepare immediately before use by carefully adding three volumes of concentrated
HCL to one volume of concentrated HNQj.

Potassium permanganate, mercury-free, 5% solution (w/v): Dissolve 50 g of KMn04 in 1000 mL
of DI water.

Sodium chloride-hydroxylamine sulfate solution: Dissolve 120 g sodium chloride and 120 g
hydroxylamine sulfate in DI water in a 1-L volumetric flask and dilute to volume.

Stannous chloride: Add 100 g of stannous chloride in DI water in a 500-mL volumetric flask,
add 125 mL hydrochloric acid, concentrated, and dilute to volume.

Potassium persulfate, 5% solution (w/v): Dissolve 50 g potassium persulfate in 1000 mL of DI
water.

Commercial stock standard, (Baker) mercury, 1000 ppm

Mercury intermediate stock standard, 10 ppm: Add 1 mL stock standard, 1000 ppm, and 2.5 mL
nitric acid to some DI water in a 100-mL volumetric flask. Dilute to volume with DI water.

Mercury intermediate working standard 0.05 ppm: Add 5 mL intermediate stock standard and
2.5 mL nitric acid to a 1-L volumetric flask and dilute to volume.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Collect a representative sample in a plastic red-dot (nitric acid) bottle. Check pH in laboratory
and if necessary, acidify the sample to pH < 2 with nitric acid.

Collect soils in a plastic bottle and cool samples to 4° C.

Holding time is 28 days from date of sampling.

Holding time for CLP (3) samples is 26 days from date of sample receipt.

7.0 PROCEDURE

7.1 Calibration Standard Preparation

Transfer 0.2-, 0.4-, 1.0-, and 5.0-mL portions of intermediate working standard to a series of
125-mL glass bottles. Add DI water from a graduated cylinder to each bottle to make a final
volume of 50 mL. This results in working standard concentrations of 0.2, 0.4, 1.0, and 5.0
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mercury. Shake well and add 2.5 mL of concentrated HjSCX, 1.25 mL of concentrated HNOj, and
1.5 mL of KMnO4 solution and let stand at least 15 min. Add 4 mL of potassium persulfate and
heat for 2 h in a water bath at 95° C. Cool and add 3 mL of sodium chloride-hydroxylamine
sulfate solution to reduce the excess permanganate. When the solution has been decolorized
(excess permanganate reduced), place in test tubes onto autosampler.

7.2 Sample Preparation

Liquid samples: Add 50 mL of sample or a dilution brought to 50 mL to a 125-mL glass bottle.
Add 1.25 mL HN03, 2.5 mL H2SO4, and 7.5 mL of KMnO* solution to each sample. Shake well
after each addition. Be sure the purple color persists for at least 15 min. If not, add up to three
times more KMnC>4 solution. Then add 4 mL of potassium persulfate to each sample, shake well,
and place the samples in a water bath at 95° C for 2 h. Remove and allow the samples to cool.
Add 3 mL of hydroxylamine sulfate solution to each bottle to neutralize excess KMnCu. Follow
the analysis procedure below.

Soil Samples. Weigh between 0.80 and 1.00 g wet weight of sample into a 125-mL glass bottle.
Add 2.5 mL DI water and 2.5 mL aqua regia. Heat for 2 min in waterbath at 95° C, cool, then
add 25 mL DI water and 7.5 mL KMnO* solution to sample. Mix and heat for 30 min at 95° C.
Cool and add 3 mL sodium chloride-hydroxylamine sulfate solution to reduce excess KMnC>4.
Add 27.5 mL DI water and shake well.

Saltwater: Use 100 mL of sample in order to get a lower detection limit of 0.1 |j.g/L.
Concentrate the sample to 50 mL by heating on a hot place in a Teflon beaker. Add 4 mL
H2S04, 2.5 mL HNCh, and 0.5 mL of KMnCu solution and mix well. If the pink color disappears
after 15 min, add additional amounts of KMnCu solution until the pink color persists. Usually,
about 7 mL is required. Prepare two blanks in the same manner. Do not heat in water bath.
Then add 1 mL hydroxylamine sulfate solution to neutralize excess KMnO-i. Follow the analysis
procedure below.

Fish and Crustaceans: Weigh between 0.20 and 0.30 g of the sample and place into a 125-mL
glass bottle. Add 2 mL IfcSOa and 0.5 mL HN03 to each sample and digest in the waterbath for
30 min at 80° C, or until completely dissolved. After samples are cooled, add 7.5 mL of KMnO*,
and put samples back into water bath for an additional 90 min at 30° C. Remove and cool. Add
3 mL hydroxylamine sulfate solution to neutralize excess KMnCXi. Blanks and QC-check
standards should be treated identically. Use 0.20 to 0.40 g of EPA "Trace Metals in Fish"
standard for the QC-check standard. Fish are calculated on an "as is" basis. Follow the analysis
procedure below.

Prepare one blank and two QC-check standards for each 20 samples. These QC check standards
are to be used as ICV/CCV and liquid lab control standards. The blank will be used as ICB/CCB
and preparation blank. The blanks are prepared using 50 mL of DI water and all the reagents.
The QC-check standards are prepared by using 0.5 mL of EPA QC-check sample concentrate (or
equivalent) diluted to a final volume of 50 mL. The QC-check standard will serve as an initial
calibration standard and continuing calibration verification standard. Treat blanks and QC-
check standards as samples.

7.3 Analysis

CAUTION: Mercury is toxic. Insure that the exit line from the spectrophotometer is led
into a absorbing media in an exhaust hood or adjacent to a vent.

Fill test tubes with digested samples and label. Fill standard tubes, calibration blank tubes and
rinse bottle with appropriate solutions and label. Fill one of the VGA 76 250-mL reservoirs with
DI water and the other with the stannous chloride solution. Arrange samples on autosampler tray
and assign places on computer. Set instrument parameters to manufacturing specifications.
Align mercury lamp and flowcell. Turn on the EGA 76. Recall program on computer. Then
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run calibration standards and print out the calibration curve. If curve is satisfactory (i.e.,
correlation coefficient > 0.995), proceed in running the tray.

Usual tray setup: ICV, ICB. Then add up to 10 samples, CCV, CCB. 10 more samples. CCV,
CCB, etc. At the end of the tray, run CCV, and CCB.

ICV = initial calibration verification.
ICB = initial calibration blank.
CCV = continuing calibration verification
CCB = continuing calibration blank.

These standards are defined above, under sample preparation.

The computer will calculate and print out results in p.g/L as the samples are analyzed.

All EPTOX extracts, all samples that suffer from matrix interferences, and all samples analyzed
as part of a delisting petition are analyzed by the method of standard addition. The standard
addition method used is a single-point addition, adding 1 mL of 0.05 ppm mercury working
standard to 50 mL of sample, for an added concentration of 1 |ig/L.

All dilution or concentration factors must be taken into account. All soils and sludges must be
appropriately qualified (e.g., 0.19 mg/kg dw).

7.4 Calculations

Liquids - The instrument readout is in p.g/L. The normal reporting units are mg/L, therefore,
the answer must be corrected for units and any dilution or concentration procedure that was used
on the sample.

Example: Consider an instrument readout of 0.452 (ig/L Hg.

1 . If 50 mL of sample is digested and the final volume of the digested sample is 50 mL, the
result would only need to be corrected for units: 0.452 ^g/L * (1 mg/1000 ug). The
Mercury result would be 0.00045 mg/L.

2. If 5 mL of sample is digested and the final volume is 50 mL, we have diluted the sample
by a factor of 10. In this case, correct the instrument readout by a factor of ten before
correcting for units. The reported answer would be 0.0045 mg/L.

Solids - If the sample is a solid, we must consider both the weight of the sample digested and the
final volume to which the sample is diluted. The instrument generated units of |ig/L must be
converted to mg/kg as is or mg/kg dry weight basis.

mg ^_(X fjg/L) *(VmL)* (1 L/l OOP ml) * (1 yg/g)/(l mg/kg)
kg W(S)

where X = instrument readout in ug/L
V = volume of digested sample
W = wet weight of the sample in g
S = % solids (expressed as decimal equivalent

(i.e., 85% solids is 0.85)

To report data as mg/kg as is, simply omit the % solids from the calculation.
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8.0 QUALITY CONTROL/QUALITY ASSURANCE

The instrument is calibrated using a five-point calibration curve. The levels are as follows: 0.2.
0.4, 1.0, 3.0, and 5.0 (ig/L. These standards are digested following the sample preparation
procedure.

Immediately following calibration, an initial calibration verification standard (ICV) from an
independent source must be analyzed. The ICV is prepared following the sample preparation
procedure. Results must be within 15% of the true value. If not. the analysis is terminated and
hte problem corrected before proceeding.

Calibration verification standards (CCV) should be analyzed after every 10 samples and at the
end of each run and must be within 20% of the true value. Samples must be rerun that are not
bracketed by calibration verification standards meeting this criterion.

Lab control samples should be processed in duplicate for each batch or for every 20 samples,
whichever is more frequent. This will allow the determination of accuracy and precision. If the
lab control samples do not fall within 80-120% of the true values of the metal of interest, the
batch must be redigested and reanalyzed.

A calibration blank (ICB) must be analyzed inmediately following the ICV and after each
calibration verification standard (CCB). The ICB and CCB must be below the practical
quantitation limit.

For soil samples, digest and analyze an MIST standard reference material (NBS 1646 estuarine
sediment) in duplicate for every 20 samples, the determined value must fall within 70-130% of
the true value.

A matrix spike sample and a matrix spike duplicate sample are analyzed for every 20 samples.
The matrix spike is at 1 (ig/L mercury.

Dilute samples if they are higher in concentration than the highest standard.

9.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes; U.S. EPA Office of Research and
Development: Cincinnati, OH, March, 1983.

2. Test Methods for Evaluating Solid Waste, Third Edition; U.S. EPA Office of Solid
Waste and Emergency Response: Washington, DC, November, 1986.

3. US EPA Contract Laboratory Program Statement of Work for Inorganic Analysis,
Multi-media, Multi-concentration Document Number ILMO 1.0.
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Signature: >• u
R. Wayne' Robbins

Title: Corporate QA Manager Date:
y
A? 7

MERCURY ANALYSIS: LEEMAN PS200

1.0 SCOPE AND APPLICATION

1.1 This SOP describes the procedure to determine the concentration of mercury by cold vapor atomic
absorption spectrophotometry (CVAA). This method contains the analytical procedures for
determination of mercury in liquids, surface and groundwaters, soils, sediments, sludges, wastes
and leachates (EP or TCLP) after digestion. The digestion procedures for mercury are contained
in SL SOPs ME29.

1.2 The reporting limit (RL) and the accuracy and precision criteria are listed in Section 5 of the
current revisions of the Savannah Labs' Comprehensive Quality Assurance Plan and Corporate
Quality Assurance Plan.

2.0 SUMMARY OF THE METHOD

2.1 This method is based on the absorption of characteristic radiation at 253.7 nm by mercury vapor.
After a digestion, the mercury is reduced by the addition of stannous chloride and aerated from
solution in a mixing coil. The mixture passes through a gas/liquid separator and the vapor is then
passed through a drying tube. The vapor is then passed through a flow cell positioned in the light
path of an atomic absorption spectrophotometer. Mercury concentration is then measured as a
function of absorbance.

2.2 This method is based on the guidance provided in SW-846 methods 7470A, 7471 A, and
EPA method 245.1 (Drinking Water version).

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
fully understand or that will put you or others on potentially dangerous situations.

3.2 Acid spill kits must be available. These kits must be located in a highly accessible area of
the lab. Each lab must have access to a properly working shower.

3.3 The standards and reagents used in this method should be treated as potential hazards. Lab coats,
gloves, safety glasses and other protective equipment must be used when preparing samples,
standards and reagents.

3.4 The Material Safety Data Sheets (MSDS) for each reagent and standard are available to the
analyst/chemist. These sheets denote the type of hazard that each reagent poses, the safe handling
instructions for these compounds, and first aid instructions. Each person should read and

understand these sheets for all standards and reagents used before beginning this procedure.

ME28Page 1 of 9
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4.0 INTERFERENCES

4.1 Potassium permanganate is added to eliminate the possibility of interference from sulfide and
certain organic compounds.

4.2 Chlorine is known to interfere. Addition of extra potassium permanganate may be needed during
the digestion of chloride containing samples. Also, the samples are not capped tightly during
digestion so that excess chlorine can escape.

4.3 Contamination of the sample can occur when the preparation glassware and/or reagents contain
mercury. Reagent blanks (method blanks) must be analyzed as a check on contamination due to
sample digestion.

5.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING

5.1 Aqueous samples and TCLP/EP-TOX Leachate

5.1.1 Liquid samples are collected in 250-mL plastic or glass containers. The samples are preserved
with HNO3 to a pH <2. The samples must then be stored at 4C (less than 6C but not frozen) until
the samples are prepared for analysis. Samples must be digested and analyzed within 28 days of
collection.

5.1.2 Samples for dissolved mercury should be filtered in the field before acid is added to the sample. If
the sample is to be filtered in the lab, no preservative is added to the sample until the sample is
filtered.

5.2 Soil/Sediment/Waste Samples

5.2.1 Soil and sediment samples are collected in 250-mL or 500-mL plastic or glass containers. The
samples are iced at the time of collection and stored at 4C (less than 6C but not frozen) until the
time of digestion and analysis. Samples must be digested and analyzed within 28 days of
collection.

6.0 APPARATUS AND MATERIALS

6.1 Leeman PS200 or other suitable automated mercury analyzer with data system and printer

6.2 Nitrogen gas supply and appropriate fittings

6.3 Pump tubing of appropriate sizes for use on the PS200

6.4 Volumetric glassware for making standards and reagents

6.5 Test tubes of the two sizes to fit the PS200 autosampler

7.0 REAGENTS

7.1 Reagent water-lab generated deionized water, ASTM Type I or Type II. The conductivity is
monitored in accordance with SL SOP AN35.

7.2 Nitric Acid (HNO3), concentrated-reagent grade

7.3 Hydrochloric Acid (HC1), concentrated-reagent grade

ME28Page2of9
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7.4 Rinse Water, 5% HC1-1%HNO3 - to a clean 2-L bottle add 1-L of reagent water. Carefully add
100-mL of concentrated hydrochloric acid. Carefully add 20 mL of concentrated nitric acid.
Dilute to a final volume of 2-L. Other volumes may be utilized providing the reagent proportions
remain the same.

7.5 Stannous chloride (SnC12.2H2O) - reagent grade, suitable for mercury determination

7.5.1 Stannous chloride (SnC12.2H20) solution - to a clean 2-L volumetric flask add 100-g of stannous
chloride. Add approximately 400-mL of reagent water. Carefully add 500-mL of concentrated
hydrochloric acid. Add a stirring bar and stir on a stir plate until the stannous chloride is
dissolved. Remove the stirring bar and dilute to volume with reagent water.

7.6 Magnesium perchlorate (Mg(ClO4)2) - used as a drying agent in the drying tube. The magnesium
perchlorate should be as coarse as possible

8.0 STANDARD PREPARATION

For the preparation of standards see the appropriate section of SL SOP ME29. Note that the
standards are digested in the same manner as the field samples.

9.0 SAMPLE PREPARATION

For the preparation of samples see the appropriate section of SL SOP ME29.

10.0 ANALYSIS PROCEDURE

10.1 Initial startup of the instrument

10.1.1 Before analysis begins inspect the system (pump tubes, mixing coil, gas/liquid separator) to see if
any parts need to be cleaned or replaced.

10.1.2 Replace the drying tube with a freshly packed drying tube, making sure that the magnesium
perchlorate is not packed too tightly. The vapors must be able to pass freely through the drying
tube.

10.1.3 Fill the rinse tank with rinse water.

10.1.4 If the lamp is not already on and warmed up perform a cold-start using the COLDSTRT macro.
The lamp must warm up for a minimum of 2 hours.

10.1.5 If the lamp is already on and warmed up, perform a warm-start using the WARMSTRT macro.
This will give the instrument time to "exercise" the pump rubes. Allow a minimum of 20 minutes
of pump time for the pump tubes to break in each day.

10.1.6 Check the aperture. If the aperture is not close to 0 (+/- 100) adjust the appropriate set screw. If
the aperture must be adjusted, allow at least 10 minutes for the cell to warm up after replacing the
cover.

10.1.7 Fill the stannous chloride reagent bottle with stannous chloride solution. Switch the reagent line
from rinse to the stannous chloride reagent bottle.
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10.2 Autosampler setup

10.2.1 Fill the standard tubes with the appropriate standards for the protocol being followed. Refer to
ME26 or ME29 for the prep of these standards.

10.2.2 Fill the labeled sample test tubes with the samples and calibration verification standards in the
applicable order. An example order is as follows:

ICV - Initial Calibration Verification Standard
ICB - Initial Calibration Blank
10 SAMPLES
CCV - Continuing Calibration Verification Standard
CCB - Continuing Calibration Blank
10 SAMPLES
CCV
CCB
10 SAMPLES
CCV
CCB

CCV
CCB

It is appropriate to use the liquid laboratory control samples as the CCV. The specific ID for the
LCS is used to identify the CCV (i.e., 1209T-1, 1209T-2). The CCVs will bracket the samples
which they were prepped with.

The preparation blank will be analyzed first. The LCS will follow immediately after the
preparation blank. The samples, matrix spikes and duplicates will then follow with a maximum of
10 analyses between CCVs/CCBs. All samples and control samples will be labeled with the
corresponding batch ID.

10.2.3 Enter the sample/QC IDs into the autosampler table giving each rack a unique name.

10.2.4 Load the rack(s) onto the autosampler.

10.3 Calibration of the mercury analyzer.

10.3.1 Call up the required protocol. Open a new data folder. Enter the operator ID (e.g., J.Smith).

10.3.2 Go to CALIBRATION, RESET, and reset the calibration for a new calibration

10.3.3 Go to CALIBRATION, STANDARDS, and insure that calibration standards are entered at the
proper concentrations.

10.3.4 Analyze the standards, beginning with standard 1 (Blank), proceeding from lowest to highest
concentration.

10.3.5 When all calibration standards have been analyzed, go to CALIBRATION, LINE
CALIBRATION. If calibration is within acceptable limits (correlation > 0.995) accept the linear
calibration and print the calibration curve.

ME28Page4of9
SAVANNAH LABORATORIES
I CNVH>ONHCNTAL SCTVICK, INC.



ME28:12.19.97:0

10.4 Sample analysis

10.4.1 Go to AUTOSAMPLER, SETUP. Enter the Rack ID (s) and the cup numbers to be analyzed.

10.4.2 Press the SAMPLE (F8) key to begin the analysis run.

10.5 If the concentration of a sample is above the calibration range of the Hg analyzer, the sample
digestate must be diluted and reanalyzed. The amount of digestate needed to prepare the desired
dilution is determined from the following equation.

Vdlgesl = (VfvoI)/DF

where
Vdigcst= volume of sample digestate used to make the dilution (mL)
Vfvoi = final volume of diluted sample (mL)
DF = dilution factor

10.5.1 The dilution factor is calculated as follows:

DF = Vfvol/Vdlgesl

where
Vdigest= volume of sample digestate used to make the dilution (mL)
Vfvoi = final volume of diluted sample (mL)
DF = dilution factor

11.0 DATA ANALYSIS/CALCULATIONS

11.1 Aqueous and Leachate Samples

The concentration of mercury in liquid samples is calculated as follows:
(Note that results may also be reported in mg/1. Results in mg/1 are reported by dividing the result
below by 1000).

^-sample ~ Lcurve X LJr
where

Cample = concentration of sample (ug/L)
Ccurve = concentration from curve (ug/L)
DF = dilution factor

The reporting limit (RL) is calculated as follows:
(Note that results may also be reported in mg/1. Results in mg/1 are reported by dividing the result
below by 1000).

RL^pie = RLW x DF
where

RL»mpie= reporting limit of sample (ug/L)
RLW = reporting limit from Table 5 of CQAP (ug/L)
DF = dilution factor

ME28 Page 5 of 9
SAVANNAH LABORATORIES
A CNVIRONIHfNTAL SCTWCR, WC.



ME28:12.19.97:0

11.2 Soil/Solid Samples

The concentration of mercury in soil and solid samples is calculated as follows:

Csanpie = CCUIve x [(F)/(W x solids)] x DF x Img/lOOOug

where
Cjampit = concentration of sample (mg/kg dw)
Ccurve = concentration of digest from curve (ug/L)
F = final volume of digest (L)
W = weight of sample digested (kg)
solids = (percent solids)/! 00
DF = dilution factor

The reporting limit (RL) for soil/solid samples is calculated as follows:

RLsampie = [RLqap/(W x solids)] x DF
where

RLsampie = reporting limit of sample (mg/kg dw)
RLqip = reporting limit from Table 5 of CQAP (mg/kg)
W = weight of sample digested (kg)
solids = (percent solids)/ 100
DF = dilution factor

The RL is based on a 1-gram sample digested to a final volume of 50-mL.

1 1 .3 The theoretical concentration (CT) of a spiked sample is calculated:

CT = (CsxV5y(VMmp,e)
where

C, = concentration of the matrix spiking solution (mg/L)
Vs = volume of the matrix spiking solution added to the sample (mL)

= volume of the sample spiked (mL)

The theoretical concentration (CT) of a soil matrix spike is calculated:

CT = (Cs x Vs x (l-L/1000-mL))/(W x solids)
where

C, = concentration of the matrix spiking solution (mg/L)
V, = volume of the matrix spiking solution added to the sample (ml)
W = weight of sample digested (kg)
solids = (percent solids)/ 100
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1 1.3.1 The concentration of mercury in the lab control and matrix spike samples is determined as in
Section 1 1.1.1. The concentration is compared to the theoretical spike concentration and the
percent recovery is calculated.

The percent recovery is calculated:

%REC = t(CMs - (WMCT)] x 100
where

CMS = concentration of the spiked sample (mg/L or mgTcg dw)
Csin,pie = concentration of the unspiked sample (mg/L or mg/kg dw)
CT = theoretical concentration of the spike (mg/L or mg/kg dw)
(Assume Cstmple = 0 for the LCS/LCSD)

1 1 .3.2 The relative percent difference is calculated:

%RPD = |(RECMs - RECMsD)/((RECMs + RECMsD)/2)| x 100

where
= percent recovery of the MS (or LCS)

RECMSD = percent recovery of the MSD (or LCSD)

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 SL SOP AN02: Analytical Batching, Table 13.1 of the SL QAP, and the SOP Summary provide
guidance on evaluating QC and sample data..

13.0 PREVENT ATIVE MAINTENANCE

13.1 Pump tubing: Inspect daily and replace as needed.

13.2 Standard Autosampler Cups: Clean daily and replace as needed.

13.3 Drying Tube: Repack daily, or more often if needed.

13.4 Mixing Coil: Inspect weekly, clean and replace as needed.

13.5 Sample Probe: Inspect monthly, clean and replace as needed.

13.6 Mercury Lamp: Clean or replace as needed.

14.0 TROUBLESHOOTING

No items for this section in current revision of SOP.

15.0 REFERENCES

(1) Savannah Laboratories' Comprehensive Quality Assurance Plan and Savannah Laboratories
Corporate Quality Assurance Plan, current revisions

(2) Test Methods for Evaluating Solid Waste, Third Edition; U.S. EPA Office of Solid Waste and
Emergency Response: Washington, D.C., November 1986 (Update III).

(3) Methods for Analysis of Water and Waste; U.S. EPA Office of Research and Development:
Cincinnati, OH, March 1983.
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Method Summary - HG analysis

HOLD/STORAGE
Container
Preservation
Storage
Hold Time

Minimum 250mL plastic or glass bottle with a plastic or Teflon-lined lid.
HNO3 to pH <2 in the field. If dissolved mercury is required, filter the samples before preservation.
Liquids and solids should be stored at 4C +/- 2C from collection until preparation.
Samples may be held for up to 28 days from the time of collection.

SAMPLE PREPARATION
Samples should be prepared in accordance with ME26 or ME29.

ANALYTICAL SEQUENCE
Instrument Startup

Initial Calibration
Initial Calibration
Verification (ICV/ICB)

Continuing Calibra-
tion Verification
(CCV/CCB)
Detection Limit
Check Solution
Post Digestion
Spikes

Turn on the mercury analyzer according to the instrument manufacturer's recommendations. Allow the mercury lamp
proper warm-up time. Inspect and change pump tubes and drying tubes as needed. Check and align lamp and cell
according to the instrument manufacturers recommendations.
Beginning with the blank, calibrate with the blank and 5 standards. One standard must be at the PQL.
Analyze an initial calibration verification solution at the beginning of the analysis run. The ICV
solution must come from a source other than the calibration source.
Analyze a calibration blank after the ICV.
Analyze a standard with a concentration at or near mid-range levels of the calibration. The CCV should be analyzed
every 10 samples and at the end of the analysis run. The CCV and ICV may be the same solution.
Analyze a calibration blank after every CCV.
At the beginning of the analysis run, verify the accuracy at the PQL by analyzing a standard with a concentration at the
required PQL/CRDL.
At a minimum of once per analytical batch, verify the absence of matrix interference by analyzing a post digestion
spike.
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QC CRITERIA
QC Item

Initial Calibration

Initial Calibration Verification Standard
(ICV)
Continuing Calibration Verification
Standards (CCV)

Calibration Blank (ICB/CCB)

PQL/CRA standard

Laboratory control sample (LCS)

Preparation Blank - SW846

MS/MSD - SW846

MS -245.1

Post Digestion Spikes

Detection Limit Check Solution

Frequency

Daily

At the beginning of
the analysis
At the beginning and
end of the analysis
and every 10 samples.

After ICV and every
CCV

After every calibration
but not before the ICV.

One per batch of
twenty samples or
less
One per batch of
twenty samples or
less
One set per batch of
twenty samples or
less
MS added to a
minimum of 10% of
samples
One per batch of
twenty samples or
less
At the beginning of
the analysis but not
before the ICV

Criteria

1 blank and 5 standards
Correlation > 0.995
SW846 = within +/- 10%
245.1 = within +/- 5%
SW846 = within +/- 20%
245.1 = within +/- 10%

Absolute value of the calibration
blank must be less than the
PQL/CRDL.

Absolute limits = +/- 50% of true,
in-house limits should be
established.
In SL Quality Assurance Plan

|result| < PQL.

%Rec = 80- 120%
%RPD = < 20%

%Rec = 70- 130%

%Rec = 85- 115%

%Rec = 50- 150%

Corrective Action

Recalibrate

Recalibrate

Terminate the analysis,
correct the problem and reanalyze the
previous 10 samples.

SW846 = terminate the analysis,
correct the problem and reanalyze the
previous 10 samples,
s.
Recalibrate.

Redigest and reanalyze batch

Redigest and reanalyze batch

Flag and report data

Flag and report data

Check for interference source and
reanalyze samples or analyze samples by
MSA.
Terminate the analysis, fix the problem,
reanalyze the solution.

3DII
ME28 Page 9 of 9



ME29: 12. 19.97:0

/ R. Wayne R/bb
Title: Corporate QA Manager /Date:

MERCURY PREPARATION: LEEMAN AP200

1.0 SCOPE AND APPLICATION

1.1 This SOP describes the automated digestion procedure for mercury analysis by cold vapor atomic absorption
spectrophotometry (CVAA). This method contains the digestion procedure for determination of mercury7 in liquids,
surface and groundwaters, wastes and leachates (EP or TCLP). The analytical procedure for mercury is found in SL
SOP ME2B:Mercury Analysis-Leeman PS200.

1.2 The reporting limit (RL) and the accuracy and precision criteria are listed in Section 5 of the current revisions of the
Savannah Labs' Comprehensive Quality Assurance Plan and Corporate Quality Assurance Plan.

2.0 SUMMARY OF THE METHOD

2.1 A known volume of sample is transferred to a test tube. The sample is placed into an autosampler rack and reagents
are automatically added to each sample. The samples, along with calibration and QC standards, are digested in
diluted acid, potassium permanganate-potassium persulfate solutions and oxidized for 2 hours at 95°C.
After the digestion is complete, the samples are analyzed using SOP ME28.

2.2 This method is based on the guidance in methods 7470A and method 245.1.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not fully understand
or that will put you or others on potentially dangerous situations.

3.2 Acid spill kit must be available. These kits must be located in a highly accessible area of the lab. Each lab must
have access to a properly working shower.

3.3 The standards and reagents used in this method should be treated as potential hazards. Lab coats, gloves, safety
glasses, face-shields, and other protective equipment should be used when preparing samples, standards and
reagents.

3.4 The Material Safety Data Sheets (MSDS) for each reagent and standard are available to the analyst/chemist. These
sheets denote the type of hazard that each reagent poses, the safe handling instructions for these compounds, and first
aid instructions. Each person must read and understand these sheets for all standards and reagents used before
beginning this procedure.

4.0 INTERFERENCES

4.1 Potassium permanganate is added to eliminate the possibility of interference from sulfide and certain organic
compounds.

4.2 Chlorine is known to interfere. Addition of extra potassium permanganate may be needed during the digestion of
chloride containing samples. Also, the samples are not covered tightly during digestion so that excess chlorine can
escape.

4.3 Contamination of the sample can occur when the preparation glassware and/or reagents contain mercury. Reagent
blanks (method blanks) must be analyzed as a check on contamination due to sample digestion.

ME29-Page 1 of 6
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5.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING

5.1 Aqueous and TCLP/EP-TOX Leachate Samples.

Liquid samples are collected in 250mL plastic or glass containers. The samples are preserved with HNO3 to a pH
<2. The samples must then be stored at 4C (less than 6C but not frozen) until the samples are prepared for analysis.
Samples must be digested and analyzed within 28 days of collection.

Samples for dissolved mercury should be filtered in the field before acid is added to the sample. If the sample is to
be filtered in the lab, no preservative is added to the sample until the sample is filtered.

6.0 APPARATUS AND MATERIALS

6.1 Leeman AP200 or other suitable automated mercury digestion unit with data system and printer

6.2 Nitrogen gas supply and appropriate fittings

6.3 Volumetric glassware for making standards and reagents

6.5 Test tubes of the two sizes to fit the AP200 autosampler

7.0 REAGENTS

7.1 Reagent water-lab generated deionized water, ASTM Type I or Type II. The conductivity is monitored in
accordance with SL SOP AN35.

7.2 Nitric Acid (HNO3), concentrated-reagent grade

7.3 Hydrochloric Acid (HC1), concentrated-reagent grade

7.4 Sulfuric Acid (H2S04), concentrated-reagent grade

7.5 Potassium Permanganate (KMnO4), mercury free, crystalline

7.6 Potassium Permanganate (KMnO4), 5% solution (w/v): Dissolve 50 g of KMnO4 in lOOOmL of reagent water.

7.7 Sodium Chloride (NaCl), ACS, crystalline

7.8 Hydroxylamine sulfate ((NH2OH)2'H2SO4), crystalline

7.9 Sodium chloride-hydoxylamine sulfate solution - dissolve 120 g NaCl and 120 g (NH2OH)2'H2SO4 in reagent water
in a 1 liter volumetric flask and dilute to volume with reagent water.

7.10 Potassium persulfate, (K2S2O8), ACS, crystalline

7.11 Potassium persulfate, 5% solution - In a 1 liter volumetric flask, dissolve 50 g of K2S2Og in reagent water and dilute
to volume with reagent water.

7.12 Rinse Water, 5% HC1-1%HNO3 - to a clean 2L bottle add 1L of reagent water. Carefully add lOOmL of
concentrated hydrochloric acid. Carefully add 20mL of concentrated nitric acid. Dilute to a final volume of 2L.
Other volumes may be utilized providing the reagent proportions remain the same.
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8.0 STANDARD PREPARATION

The standards listed in this section must be tracked following the SOP AN41: Standard Material Traceabilin:

8.1 Calibration Standards

8.1 Mercury stock standard, (i.e., Baker), 1000 mg/L Hg.

8.2 Mercury intermediate calibration stock standard, 10 mg/L Hg: Add 20 - 30mL reagent water to a clean lOOmL
volumetric flask. Add ImL concentrated nitric acid. Add ImL stock standard, 1000 mg/L, and dilute to volume
with reagent water.

8.3 Mercury working calibration stock standard, lOOug/L Hg: Add 20 - 30mL reagent water to a clean lOOmL
volumetric flask. Add ImL concentrated nitric acid. Add ImL of the mercury intermediate calibration stock
standard, 10 mg/L Hg, and dilute to volume with reagent water.

8.4 Mercury calibration standards, 0.00, 0.20, 0.40, 1.0, 3.0, 6.0 ug/L Hg: To six clean lOOmL volumetric flasks add 20
- 30mL reagent water. To each of the six flasks add ImL concentrated nitric acid. Transfer O.OmL, 0.20mL,
0.40mL, 1 .OmL, 3.0mL, and 6.0mL of the working calibration stock standard, 100 mg/L Hg, to the individual flasks.
Dilute the flasks to volume with reagent water.

Note: Different concentrations may be used, with supervisor approval, if the standards properly represent the linear
range of the instrument.

8.2 Verification Standards

8.2.2 Mercury stock standard, (i.e. Fisher), 1000 mg/L Hg. This standard must be from a source other than the
calibration stock standard.

8.2.2 Mercury intermediate secondary stock standard, 10 mg/L Hg: Add 20 - 30mL reagent water to a clean lOOmL
volumetric flask. Add ImL concentrated nitric acid. Add ImL commercial secondary stock standard, 1000 mg/L
Hg, and dilute to volume with reagent water.

8.2.3 Mercury working secondary stock standard, 100 ug/L Hg: Add 20 - 30mL reagent water to a clean lOOmL
volumetric flask. Add ImL concentrated nitric acid. Add ImL mercury intermediate secondary stock standard, 10
mg/L Hg, dilute to volume with reagent water.

8.2.4 ICV/CCV/LCS standards, 3.0 ug/L Hg: Add 20 - 30mL reagent water to a clean lOOmL volumetric flask. Add ImL
concentrated nitric acid. Add 3mL mercury working secondary stock standard 100 ug/L, and dilute to volume with
reagent water.

9.0 STANDARD/SAMPLE PREPARATION

9.1 Load autosampler tray

Rack 1: Calibration standards/QC standards:

Calibration standards: Label six 50mL digestion tubes with the IDs of the calibration standards. Add
24mL of the appropriate calibration standard to the tube. Load these tubes in positions 1 - 6 of rack one.
Add an empty waste tube to position 7.

QC Standards, CCVs & CCBs: Label a proportionate number of 50mL digestion tubes with the CCV and
CCB ID. The number of samples digested will determine the number of CCVs and CCBs that will be
needed. Add 24mL of the CCV standard, 3.0 ug/L, to each of the tubes labeled CCV. Add 24mL of the
calibration blank to each of the tubes labeled CCB. Load these in positions 8 - 13 of rack one. Add a tube
of the sodium chloride hydroxylamine sulfate solution to position 14.

ME29-Page3of6
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Rack 2/3: Samples rack

Samples are to be grouped in digestion batches. Each batch will consist of a minimum of a blank and a single
laboratory control standard. The digestion batch will contain a maximum of 20 field samples. A matrix spike/matrix
spike duplicate will be analyzed with each batch if sample is available. Method 245.1 requires that a minimum of
10% of samples be spiked.

For matrix spikes add lOOuL of the mercury working secondary stock standard to lOmL of sample.

For laboratory control standards (LCSW) use the LCS solution, 3.0 ug/L.

Beginning with position 1 of rack 1 add the labeled sample tubes for the digestion batches. An example would be as
follows: Position 1 - prep blank, position 2 - LCSW, positions 3 through 24 - twenty samples plus one set of matrix
spike/matrix spike duplicate. Add 8mL of the appropriate samples, blank and LCSW to the labeled tubes.

Repeat this sequence until all batches are on the racks ready to digest.

9.2 Instrument startup.

Insert the reagent bottles into their appropriate positions.

Check autosampler rails and clean and oil if necessary (clean and oil at least weekly under normal use).

Check the water bath reservoir and fill as needed.

Turn on gas, computer, and printer.
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Perform the following steps to enter the digestion program:

CWC7><enter>

<F5>(@WAKEUP), repeat 1 - 2 times
Protocol
Get
PRP7470
Utility
user Name
Enter name(e.g., J. Smith)
Menu
Autosampler
Setup
Enter rack name, i.e., 060197S
Enter the sample names into the rack
Menu
Autosampler
Setup
Enter rack name(s)
Setup the calibration standards (S)
Setup the calibration verification standards (C), this would include CCVs and CCBs.
Menu
Utility
Diagnostics
Check reagent pressure - should be 5.5 - 6.5 psi
Make a final, visual check of the autosampler and the autosampler file
<F2> Macros
@PRP7470
Follow the instructions on the screen
When the run is complete, replace the reagent bottles with bottles containing reagent water
<F2> Macros
@CLEAN
Repeat 2 - 3 times
<F2> Macros
@ASLEEP
Turn off gas

10.0 ANALYSIS PROCEDURE

The mercury analysis procedure is contained in the SOP ME28.

11.0 DATA ANALYSIS/CALCULATIONS

11.1 If the concentration of a sample is above the calibration range of the Hg analyzer, the sample may be diluted before
digestion. The amount of sample needed to prepare the desired dilution is determined from the following equation.

where
Vumpie = volume of sample used to make the dilution (mL)
Vfvoi = final volume of diluted sample (mL)
DF = dilution factor
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1 1.2 The dilution factor is calculated as follows:

DF = Vfvol/Vsim,plc

where
Vjampie = volume of sample used to make the dilution (mL)
Vfvo| = final volume of diluted sample (mL)
DF = dilution factor

1 1 .3 The theoretical concentration (CT) of a spiked sample is calculated:

CT = (CsxVs)/(VMmple)
where

Cs = concentration of the matrix spiking solution (mg/L)
Vs = volume of the matrix spiking solution added to the sample (mL)

volume of the sample spiked (mL)

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12. 1 SL SOP AN02: Analytical Batching, Table 13.1 of the SL QAP, and the SOP Summary provide guidance on
evaluating QC and sample data.

13.0 PREVENT ATIVE MAINTENANCE

13.1 Clean and oil autosampler rails at least weekly

1 3 .2 Clean the water bath monthly

13.3 Inspect reagent bottles and caps quarterly. Replace as needed.

13.4 Inspect the tubing at a minimum of six month intervals and replace as needed.

14.0 TROUBLESHOOTING

No items for this section in current revision of SOP.

15.0 REFERENCES

(1 ) Savannah Laboratories' Comprehensive Quality Assurance Plan, and Savannah Laboratories Corporate Quality
Assurance Plan, current revisions

(2) Test Methods for Evaluating Solid Waste, Third Edition; U.S. EPA Office of Solid Waste and Emergency Response:
Washington, D.C., November 1986.

(3) Methods for Analysis of Water and Waste; U.S. EPA Office of Research and Development: Cincinnati, OH, March
1983.
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Approval
Signature:

7
Title: Corporate QA Manager

DIGESTION PROCEDURES FOR ICP
TOTAL METALS AND TOTAL RECOVERABLE METALS IN LIQUID SAMPLES

1.0 SCOPE AND APPLICATION

The purpose of this SOP is to describe the procedures used to digest water, drinking water, wastewater, and
leachate samples prior to the analysis by ICP (SL SOP ME70). This procedure can be used to digest samples
for Trace (axial) ICPs and non-Trace (radial) ICPs.

2.0 SUMMARY OF METHOD

2.1 Total metals and TCLP leachates: A known volume, usually SOmL, of sample is transferred to a digestion
vessel. The sample is refluxed with nitric acid at approximately 95C. After sample has digested, as evidenced
by a clear, pale yellow color, HC1 is added and the sample is brought up to the original volume with reagent
water.

2.2 Total recoverable metals: A known volume, usually SOmL, of sample is transferred to a digestion vessel. The
sample is refluxed with dilute nitric acid and hydrochloric acid at approximately 95C. After sample has
evaporated to approximately 10-20mL, the sample is brought up to the original volume with reagent water.

2.3 Drinking water samples with a turbidity concentration of less than 1 NTU can be analyzed with no digestion if
the required quantitation limits can be achieved with no sample preconcentration. The exception to this rule is
silver, which requires sample digestion prior to analysis.

2.4 Samples filtered for the determination of dissolved metals do not require digestion if the sample

1) has a low COD(<20mg/L);
2) has a turbidity <1 NTU ;
3) is colorless with no significant odor; and
4) is of one liquid phase and free of suspended particulates or precipitates after acidification
(40 CFR Part 136 Table IB-note 4)

2.5 The SOP is based on the guidance in SW-846 Methods 3005A and 3010A and EPA Method 200.7. Note that
EPA has promulgated two procedures as EPA 200.7-one for drinking water and one for NPDES. The digestion
procedures for both 200.7 methods are performed in the same manner as 3005A for total recoverable metals
and 301OA for total metals.
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3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand
or that will put you or others in potentially dangerous situations.

3.2 The samples are digested in strong acid solutions and contain an acid concentration of 10-20% by volume. The
analyst must wear protective clothing such as a lab coat or apron. The acids used in this procedure will destroy
unprotected clothing. The analyst must wear proper eye protection such as lab glasses or face shield. Acid can
be splashed into the eyes from many sources. Gloves must be worn to protect hands from acid burns.

3.3 The acid digestion procedures must be performed under a properly functioning fume hood. The acid fumes
from the digestion can cause mild to severe respiratory problems if breathed.

3.4 Each digestion lab must have acid spill kits. These kits must be located in a highly accessible area of the lab.
Each digestion lab must be equipped with a properly working shower.

3.5 The standards and reagents used to prepare the standards in this method should be treated as potential hazards.
Lab coats, gloves, and other protective equipment should be used when preparing and using the standards and
reagents.

3.6 Each analyst should be familiar with the Material Safety Data Sheets (MSDS) for each reagent and standard
used in this procedure. These sheets denote the type of hazard that each reagent poses and the safe handling
instructions for these compounds.

3.7 Care must be taken when handling the digestion beakers. Before handling a vessel that has been in use, check
the temperature to make sure that it is not hot. Make sure that the digestion vessels are placed on a stable
platform during and after the digestion. Vibrations from the hood or an unstable platform can cause the beakers
to move and possibly to fall and splatter an analyst with a hot acid solution. Hot acids can cause severe skin
bums and destroy unprotected clothing.

4.0 INTERFERENCES

Contamination of the sample can occur when the preparation glassware and/or reagents contain the target
elements. Reagent blanks (method blanks) must be analyzed as a check on contamination due to the sample
digestion.
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5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

MATRIX

Aqueous (water) and
TCLP leachates

ROUTINE CONTAINER

500-mL plastic

PRESERVATIVE

HN03 to PH <2

STORAGE/HOLD TIME

Ambient

6.0

6.1

Samples for dissolved metals should be filtered in the field before acid is added to the sample. If the sample is
to be filtered in the lab, no preservative is added to the sample until the sample is filtered.

The pH of all preserved samples must be checked and documented upon arrival in the lab. If the pH is not
within the proper range, additional acid is added to the sample to bring the pH below 2.

Place a piece of pH paper (wide range or narrow range can be used) on a watch glass or other inert
surface.

Transfer a few drops of the sample to the pH paper and note the color change. If the pH <2, record
this in the log and transfer the sample to the storage area.

If the pH is greater than 2, move the sample under a hood. Add 1:1 nitric acid to the sample in 1 mL
aliquots, checking the sample pH after each addition, until the pH <2. The volume of 1:1 nitric acid
added to the sample should not exceed 1% of the total volume of the sample. For a 500-mL sample,
the maximum volume of 1:1 nitric is 5mL. If more acid is required, contact the supervisor for further
guidance. An anomaly form (SL SOP CA 85) is initiated for sample that require pH adjustment after
arrival into the lab.

NOTE: Samples that are not at pH <2 upon arrival in the lab may contain cyanide or sulfide or may be highly
buffered. Working under a hood minimises the hazard that may be caused by the evolution of hydrogen
cyanide or hydrogen sulfide upon acidification of the sample. Be aware that acidfoase neutralization reaction
may be violent and evolve a good deal of heat.

APPARATUS AND MATERIALS

Digestion vessels: Teflon or Pyrex beakers, 150-mL and 250mL, or comparable digestion vessels (250-mL
beakers are listed in the preparation steps but 125-mL or 50-mL digestion block digestion vessels can be
substituted)

6.2 Watch glasses, "ribbed", to fit over digestion vessels
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6.3 Hot plates or digestion block-capable of maintaining a sample temperature of 90-95C. The hot plates or
digestion block are calibrated each quarter. The temperature of 50mL of water contained in a digestion vessel
at the center of the hot plate or placed in the digestion block is measured and the setting is marked when the
temperature of the water reaches 85C (+/- 3C). The temperature of the material in the vessel will rise to
approximately 95C +/- 5C when a watch glass is placed on top. (This procedure for calibration is adapted from
EPA Methods 200.7 and 200.9, which reference both aqueous and soil/solid digestions)

NOTE: The use of hot plates is listed in the preparation steps but a digestion block may be used if the same
general procedures are employed. The hot plate or digestion block settings must be recorded in the
maintenance log or other suitable log.

6.4 Volumetric flasks- 100-mL or appropriate volume

6.5 Graduated cylinders-SOmL

6.6 Pipettes

6.7 Analytical balance

6.8 Top-loading balance

6.9 Teflon vials-30mL

7.0 REAGENTS

7.1 Reagent water-lab generated deionized water. ASTM Type I or Type II. The conductivity must be checked
daily in accordance with SL SOP AN35: Conductivity Checks for Laboratory Deionized Water.

1.2 Nitric acid (HNO3)-reagent grade.

7.3 Hydrochloric acid (HCl)--reagent grade.

8.0 STANDARDS

The preparation of the spiking solutions must be tracked in accordance with SL SOP AN41 .Standard Material
Traceability. General guidance on the preparation of standards is given in SL SOP AN43:Standard
Preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab should prepare
standards from neat materials only if a certified solution is not available. See SL SOP AN43 for guidance for
standard preparation.
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8.1 Determine the volume of standard to be prepared and the volume of the stock standard needed to make the
spiking solutions. The following equation can be used:

Vi =
Cf®Vf

a

8.2

8.2.1

where
Vi = volume of stock standard needed to prepare the spiking solution (mL)
Ci = concentration of stock solution (ug/mL)
Cf= concentration of spiking solution to prepare (ug/mL)
Vf = volume of spiking solution to prepare (mL)

The concentration can be expressed in whatever terms the analyst finds most convenient - ug/L, ug/mL, mg/L,
etc. The units must be the same for Ci and Cf.

Preparation of the ICP Matrix Spiking Solutions

ICP Matrix Spiking Solution 1 is a solution purchased from SPEX (catalogue number SPIKE-1).
The concentrations of the analytes in this solution are listed on the accompanying certificate of analysis. Store
this solution at room temperature. Replace this solution every six months or sooner if needed or required.

8.2.2 Preparation of the ICP Matrix Spiking Solution 2

Add 20-mL to 3 0-mL of reagent water to a clean 100-mL volumetric flask. Add 1 -mL of concentrated nitric
acid (HNO3) and 5-mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume.

Add the volumes of the stock standards given in the following table to the volumetric flask:

Element
Boron (B)
Calcium (Ca)
Magnesium (Mg)
Molybdenum (Mo)
Potassium (K)
Sodium (Na)
Strontium (Sr)
Tin (Sn)

CUm&L)
1000
10000
10000
1000
10000
10000
1000
1000

Vi(mL)
10
5.0
5.0
5.0
5.0
5.0
5.0
10

Vf(mL)
100

Cf(mg/L)
100
500
500
50
500
500
50
100

Dilute to a final volume of 100-mL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.
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8.3 Preparation of the ICP TCLP Matrix Spiking Solutions

8.3.1 ICP TCLP Spiking Solution I

Element
Arsenic

Barium
Cadmium

Chromium

Lead

Selenium

Ci(mg/L)

1000

1000
1000

1000

1000

1000

Vi(mL)

5.0

5.0
1.0

5.0

5.0

1.0

Vf(mL)

100

Cf(mg/L)

50

50
10

50

50

10

Add ImL of nitric acid and 5mL of hydrochloric acid to a lOOmL volumetric flask containing about
50mL of reagent water.
Add the appropriate volume of each element stock standard to the flask, dilute to volume with reagent
water, and mix thoroughly.
Transfer the spiking solution to a labeled storage container.

8.3.2 ICP TCLP Spiking Solution II

Element
Silver

Ci(mg/L

1000

Vi(mL)

5.0

Vf(mL)

100

Cf(mg/L)

50

Add ImL of nitric acid and 5mL of hydrochloric acid to a lOOmL volumetric flask containing about
50mL of reagent water.
Add the appropriate volume of each element stock standard to the flask, dilute to volume with reagent
water, and mix thoroughly.
Transfer the spiking solution to a labeled storage container.

9.0 SAMPLE PREPARATION

Unless otherwise requested, groundwater and surface waters will be prepared using the total recoverable
metals procedure given in Section 9.1. TCLP samples must be digested for total metals (Section 9.3). Note that
there are different spiking solutions for routine and TCLP samples.

The turbidity of drinking water samples can be checked using the procedures in SL SOP BA.%Q:Turbidity.
If the turbidity of the sample is not checked, the digestion procedure must be performed. If silver must be
determined in a drinking water sample, the sample must be digested.
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9.1 Total Recoverable Metals: Aqueous Samples

This digestion procedure is used for the preparation of aqueous samples for total recoverable metal
determination by ICP (or flame AA). This digestion procedure is not suitable for most analytes which will be
determined by graphite furnace atomic absorption (GFAA) because hydrochloric acid (HC1) can cause
interferences during furnace atomization. The exception is antimony by GFAA which must be digested using
the procedures in this section.

9.1.1 Using a graduated cylinder, transfer a 50mL aliquot (or an appropriate volume diluted to 50mL with reagent
water) of a well-mixed sample to a clean 250-mL Teflon beaker or other suitable digestion vessel.

NOTE: If there is not sufficient volume to use a 50mL aliquot, the lab can use a smaller volume of sample and
bring the final digestate volume back to the original volume of the sample used. That is, if 25mL of sample is
digested, the final volume of the digestate should be brought back to 25mL. If a smaller aliquot is used, the
digestion analyst must be careful not to allow the sample digest to evaporate completely.

9.1.2 Add 50mL of reagent water to a beaker that has been designated as the method blank. This QC sample is taken
through all digestion and sample preparation steps to monitor for contamination that may be due to glassware,
reagents, or sample handling.

9.1.3 Add O.SOmL of the appropriate spiking solutions to a 50mL aliquot of reagent water designated as the
laboratory control spike(LCS). If a duplicate laboratory control spike (LCSD) is required, spike a second
50mL aliquot of reagent water with O.SOmL of the appropriate spiking solutions.

Analytical Method
6010

Matrix
Liquids (aqueous)

QC
LCS/MS

Spiking Solutions
(Spex) ICP Spike I
ICP Spike II

9.1.4 Add O.SOmL of the appropriate spiking solutions to each of two 50mL aliquots of the client sample designated
as the matrix spikes sample(MS and MSD).

9.1.5 Record the following information on the digestion log:
date
analyst's initials
beaker ID#
sample # and description
the volume of sample used
the lot number of the acids used for the digestion
the lot numbers of the ICP LCS spiking solutions and the ICP matrix spiking solutions
the time that the digestion was started
the SOP/method number

NOTE:A DIGESTION BATCH CONSISTS OF TWENTY FIELD SAMPLES AND THE ASSOCIATED
QC ITEMS. THE BATCH IS NOT TO EXCEED 20 FIELD SAMPLES. EVERY DIGESTION BATCH
WILL HAVE A METHOD BLANK, A LABORATORY CONTROL SAMPLE(LCS), A MATRIX SPIKE
AND A MATRIX SPIKE DUPLICATE(IF THERE IS SUFFICIENT SAMPLE FOR THE MS/MSD). IF
THERE IS NOT SUFFICIENT SAMPLE FOR MS/MSD, THE LCS IS PREPARED IN
DUPLICATE(LCSD).
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9.1.6 Add 2.5mL of concentrated HC1 and 1 .OmL of concentrated HNO3 to each sample. Cover each beaker with a
watch glass(a watch glass is not required for the digestion block). Gently heat the beaker until the sample
refluxes-the sample is not heated to boiling; that is, bubbles are not formed in the liquid in the bottom of the
beaker. The sample/acid solution is refluxing when the liquid evaporates and drops of liquid condense on the
watch glass and the sides of the beaker and fall back into the beaker. Evaporate the sample until the volume is
approximately 15mL. Do not allow any portion of the vessel bottom to become dry at any time during the
digestion.

NOTE: If a volume of sample smaller than 50mL is digested, the amount of acid should be reduced
proportionately.

9.1.7 Wash down the inside of the beaker and the watchglass with reagent water. Dilute the sample digestate to
50mL with reagent water in a clean 50mL graduated cylinder. Transfer the digest to a labeled storage container,
usually a 125-mL plastic vial.

NOTE: The digestate may be diluted to a volume less than the original volume if sample concentration is
required to meet lower reporting limits. The pre-concentration should be limited to a factor of four(4).

9.1.8 Record the analyst's initials, the final volume of the sample digestate, and the date and time that the digestion
was completed in the digestion logbook. The sample is now ready for analysis by ICP.

9.2 Total Metals: Aqueous Samples

This digestion procedure is used for the preparation of aqueous samples for total metal determination by ICP
(or flame AA). This digestion procedure is not suitable for samples which will be analyzed by graphite furnace
atomic absorption (GFAA) because hydrochloric acid (HC1) can cause interferences during furnace
atomization.

9.2.1 Using a graduated cylinder, transfer a 50-mL aliquot (or an appropriate volume diluted to 50-mL with reagent
water) of a well-mixed sample to a clean 250-mL Teflon beaker or other suitable digestion vessel.

NOTE: If there is not sufficient volume to use a 50-mL aliquot, the lab can use a smaller volume of sample and
bring the final digestate volume back to the original volume of the sample used. That is, if 25mL of sample is
digested, the final volume of the digestate should be brought back to 25mL. If a smaller aliquot is used, the
digestion analyst must be careful not to allow the sample digest to evaporate completely.

9.2.2 Add 50mL of reagent water to a beaker that has been designated as the method blank. This QC sample is taken
through all digestion and sample preparation steps to monitor for contamination that may be due to glassware,
reagents, or sample handling.

9.2.3 Add O.SOmL of the appropriate spiking solutions to a 50-mL aliquot of reagent water designated as the
laboratory control spikes(LCS). Lf a duplicate laboratory control spike (LCSD) is required, spike a second
50mL aliquot of reagent water with O.SOmL of the appropriate spiking solutions.

Analytical Method
6010

Matrix
Liquids (aqueous)

QC
LCS/MS

Spiking Solutions
(Spex) ICP Spike I
ICP Spike II
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9.2.4 Add O.SOmL of the appropriate spiking solutions to two 50mL aliquots of the client sample designated as the
matrix spikes samples(MS and MSD).

Record the following information on the digestion log:

date
analyst's initials
beaker ID#
sample # and description
the volume of sample used
the lot number of the acids used for the digestion
the lot numbers of the ICP LCS spiking solutions and the ICP matrix spiking solutions
the time that the digestion was started
the SOP/method number

NOTE:A DIGESTION BATCH CONSISTS OF TWENTY FIELD SAMPLES AND THE ASSOCIATED
QC ITEMS. THE BATCH IS NOT TO EXCEED 20 FIELD SAMPLES. EVERY DIGESTION BATCH
WILL HAVE A METHOD BLANK, A LABORATORY CONTROL SAMPLE(LCS), A MATRIX SPIKE
AND A MATRIX SPIKE DUPLICATE(IF THERE IS SUFFICIENT SAMPLE FOR THE MS/MSD). IF
THERE IS NOT SUFFICIENT SAMPLE FOR MS/MSD, THE LCS IS PREPARED IN
DUPLICATE(LCSD).

9.2.5 Add 1.5mL of concentrated HNO3 to each sample. Cover each beaker with a watch glass(a watch glass is
not required for the digestion block). Gently heat the beaker until the sample refluxes-the sample is not
heated to boiling; that is, bubbles are not formed in the liquid in the bottom of the beaker. The sample/acid
solution is refluxing when the liquid evaporates and drops of liquid condense on the watch glass and the
sides of the beaker and fall back into the beaker. Evaporate the sample until the volume is approximately
15mL. Do not allow any portion of the vessel bottom to become dry at any time during the digestion.

NOTE: If a volume of sample smaller than 50mL is digested, the amount of acid should be reduced
proportionately.

9.2.6 Remove the beakers from the hot plate and cool the beakers to room temperature. Add another 1.5mL
portion of concentrated HNO3. Replace the watchglass and continue heating the sample on the hot plate.
Again, at the proper temperature, the sample should gently reflux in the beaker-do not allow the sample to
boil.

9.2.7 Continue heating the sample and adding additional 1.5mL portions of concentrated HNO3 until the digestate is
light in color or does not change in appearance after subsequent additions of HN03. If a sample requires more
than 6mL of acid to digest, contact the digestion lab supervisor for guidance.

9.2.8 Evaporate the digestate (covered with the watch glass) until the volume is approximately lOmL.

9.2.9 Remove the watch glass and add a 2.5mL of concentrated HC1. Replace the watchglass on the beaker and warm
the sample digestate for 15 minutes.
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9.2.10 Wash down the inside of the beaker and the watchglass with reagent water. Dilute the sample digestate to
50mL with reagent water in a clean 50mL graduated cylinder. Transfer the digest to a labeled storage container,
usually a 125-mL plastic vial.

NOTE: The digestate may be diluted to a volume less than the original volume if sample concentration is
required to meet lower reporting limits. The pre-concentration should be limited to a factor of four(4).

9.2.11 Record the analyst's initials, the final volume of the sample digestate, and the date and time that the digestion
was completed in the digestion logbook. The sample is now ready for analysis by ICP.

9.3 Total Metals: TCLP Samples

This digestion procedure is used for the preparation of TCLP leachate samples for total metal determination by
ICP. This digestion procedure is not suitable for samples which will be analyzed by graphite furnace atomic
absorption (GFAA) because hydrochloric acid (HC1) can cause interferences during furnace atomization. Note
that the LCS is spiked with the routine analytes to allow the TCLP samples to be digested along with aqueous
samples. The MS for TCLP is performed only if requested.

9.3.1 Using a graduated cylinder, transfer a 20mL aliquot (or an appropriate volume diluted to 20mL with reagent
water) of a well-mixed sample to a clean 30mL Teflon vial or other suitable digestion vessel.
Larger volumes may be digested at the discretion of the lab. The volume of spike solution added should be
adjusted proportionately.

9.3.2 Add 20mL of extraction fluid to a beaker that has been designated as the method blank. This QC sample is
taken through all digestion and sample preparation steps to monitor for contamination that may be due to
glassware, reagents, or sample handling. A blank for each type of extraction fluid must be digested and
analyzed.

9.3.3 Add 0.20mL of the appropriate spiking solutions to a 20mL aliquot of extraction fluid designated as the
laboratory control spike(LCS). If a duplicate laboratory control spike (LCSD) is required, spike a second 20mL
aliquot of extraction fluid with O.SOmL of the appropriate spiking solutions. The routine ICP spiking solution is
used for the TCLP LCS because of frequent client requests for reporting more analytes from the TCLP leachate
than are currently regulated. Preparing an LCS with all of the target analytes eliminates re-digestion and
provides QC for the for the requested analytes.

NOTE: If both extraction fluid I and extraction fluid n are included in the batch, use extraction fluid I for
the LCS and LCSD.

Analytical Method
6010

6010

Matrix
TCLP

TCLP

QC
MS

LCS

Spiking Solutions
ICP TCLP Spike I
ICP TCLP Spike II
(Spex) ICP Spike I
ICP Spike II
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9.3.4 If MS is requested, add 2.0mL of each ICP TCLP spiking solution (I and II) to a separate 20mL aliquot of the
client sample designated as the matrix spike.

Record the following information on the digestion log:

date
analyst's initials
beaker ID#
sample # and description
the volume of sample used
the lot number of the acids used for the digestion
the lot numbers of the ICP spiking solutions (I and II)
the time that the digestion was started
the SOP/method number

NOTE:A DIGESTION BATCH CONSISTS OF TWENTY FIELD SAMPLES AND THE ASSOCIATED
QC ITEMS. THE BATCH IS NOT TO EXCEED 20 FIELD SAMPLES. EVERY DIGESTION BATCH
WILL HAVE A METHOD BLANK, A LABORATORY CONTROL SAMPLE(LCS), AND A MATRIX
SPIKE IF REQUESTED.

9.3.5 Add 0.60mL of concentrated HNOjto each sample. Cover each beaker with a watch glass(a watch glass is not
required for the digestion block). Gently heat the beaker until the sample refluxes-the sample is not heated to
boiling; that is, bubbles are not formed in the liquid in the bottom of the beaker. The sample/acid solution is
refluxing when the liquid evaporates and drops of liquid condense on the watch glass and the sides of the
beaker and fall back into the beaker. Evaporate the sample until the volume is approximately 5mL. Do not
allow any portion of the vessel bottom to become dry at any time during the digestion.

NOTE: If a volume of sample smaller than 50mL is digested, the amount of acid should be reduced
proportionately.

9.3.6 Remove the beakers from the hot plate and cool the beakers to room temperature. Add another 0.60mL
portion of concentrated HNO3. Replace the watchglass and continue heating the sample on the hot plate.
Again, at the proper temperature, the sample should gently reflux in the beaker-do not allow the sample to
boil.

9.3.7 Continue heating the sample and adding additional 0.60mL portions of concentrated HNO3 until the digestate
is light in color or does not change in appearance after subsequent additions of HN03. If a sample requires
more than 6mL of acid to digest, contact the digestion lab supervisor for guidance.

9.3.8 Evaporate the digestate (covered with the watch glass) until the volume is approximately 5mL.

9.3.9 Remove the watch glass and add a 1 .OmL of concentrated HC1. Replace the watchglass on the beaker and warm
the sample digestate for 15 minutes.

9.3.10 Wash down the inside of the beaker and the watchglass with reagent water. Dilute the sample digestate to
20mL with reagent water in a clean graduated cylinder. Transfer the digest to a labeled storage container,
usually a 20mL plastic scintillation vial.
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9.3.11 Record the analyst's initials, the final volume of the sample digestate, and the date and time that the digestion
was completed in the digestion logbook. The sample is now ready for analysis by ICP.

10.0 PROCEDURES

The digestion procedure is described in Section 9.0. The analytical procedure is given in SL SOP ME 70:
Elements by ICP.

11.0 CALCULATIONS

Calculations for the determination of metals by ICP are given in SL SOP ME7Q:Elements by ICP

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch for aqueous samples consists of up to twenty (20) client samples and the associated quality
control items. The quality control items consist of a method (reagent) blank, a lab control standard (LCS), a
matrix spike (MS), and a matrix spike duplicate (MSD). If insufficient sample is available for the MS/MSD,
the LCS is prepared in duplicate.

SL SOP AN02: Analytical Batching contains guidance for evaluating the QC in an analytical batch.

12.2 The analytical batch for TCLP samples consists of up to twenty (20) client samples and the associated quality
control items. The quality control items consist of a method (extraction fluid) blank, a lab control standard
(LCS) spiked into the extraction fluid, and a matrix spike (MS) if requested. If both types of TCLP extraction
have been used for samples in the batch, a method blank is processed for each extraction fluid and the LCS is
prepared in extraction fluid I.

12.3 The lab must perform a method detection limit (MDL) study annually in each matrix in accordance with SL
SOP CA90: Procedure for the Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE-No items in this revision.

14.0 TROUBLESHOOTING-No items in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories Corporate
Quality Assurance Plan, current revisions.

15.2 Methods 3005 and 3010: Test Methods for Evaluating Solid Waste, Third Edition, SW-846; vs. EPA Office of
Solid Waste and Emergency Response: Washington, DC.

15.3 Method 200.7 (Drinking Water): Methods for the Determination of Metals in Environmental Samples, May
1995, Supplement 1. (EPA 600/R-94/111).

15.4 Method 200.7 (NPDES): Methods for Chemical Analysis of Water and Wastes, USEPA Office of Research
and Development, Cincinnati, Ohio, March 1982; (EPA 600/4-79-020) or latest 40CFR Part 136 citation.
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Approval
Signature:

* K.. p.» *~vvu.~
Title: Corporate Q A Manager Date: \7««/y ^/ /iff

DIGESTION PROCEDURES FOR ICP
TOTAL METALS IN SOILS, SEDIMENTS.WASTES, AND OILS

1.0 SCOPE AND APPLICATION

The purpose of this SOP is to describe the procedures used to digest soil, sediment, waste, and oil samples
prior to the analysis by ICP (SL SOP ME70).

2.0 SUMMARY OF METHOD

2.1 A known weight (l-2g) of the well mixed sample is transferred to a Teflon beaker or suitable digestion vessel.
The sample is digested with aliquots of nitric acid and hydrogen peroxide to break down the organics present in
the sample. After sample has digested, as evidenced by a clear, pale yellow digestate, HC1 is added to give an
approximate acid concentration of 1% HC1 and 5% HN03 and the sample digest is diluted to lOOmL with
reagent water.

A smaller weight of sample may be digested and the sample brought to a final volume that is proportional to
the 1 g sample to lOOmL final volume ratio. For example, if O.SOg is digested, the final volume of the digestate
must be 50mL to achieve the same reporting limits.

2.2 The SOP is based on the guidance in SW-846 Method 3050B.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand
or that will put you or others in potentially dangerous situations.

3.2 The samples are digested in strong acid solutions and contain an acid concentration of 10-20% by volume. The
analyst must wear protective clothing such as a lab coat or apron. The acids used in this procedure will destroy
unprotected clothing. The analyst must wear proper eye protection such as lab glasses or face shield. Acid can
be splashed into the eyes from many sources. Gloves must be worn to protect hands from acid bums.

3.3 The acid digestion procedures must be performed under a properly functioning ftime hood. The acid fumes
from the digestion can cause mild to severe respiratory problems if breathed.

3.4 Each digestion lab must have acid spill kits. These kits must be located in a highly accessible area of the lab.
Each digestion lab must be equipped with a properly working shower.

3.5 The standards and reagents used to prepare the standards in this method should be treated as potential hazards.
Lab coats, gloves, and other protective equipment should be used when preparing and using the standards and
reagents.
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3.6 The Material Safety Data Sheets (MSDS) for each reagent and standard are located in each laboratory'. These
sheets denote the type of hazard that each reagent poses and the safe handling instructions for these
compounds.

3.7 Care must be taken when handling the digestion beakers. Before handling a vessel that has been in use, check
the temperature to make sure that it is not hot. Make sure that the digestion vessels are placed on a stable
platform during and after the digestion. Vibrations from the hood or an unstable platform can cause the beakers
to move and possibly to fall and splatter an analyst with a hot acid solution. Hot acids can cause severe skin
bums and destroy unprotected clothing.

4.0 INTERFERENCES

Contamination of the sample can occur when the preparation glassware and/or reagents contain the target
elements. Reagent blanks (method blanks) must be analyzed as a check on contamination due to the sample
digestion.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

MATRIX

Soils/
sediments

Waste/Oils

ROUTINE
CONTAINER

500-mL plastic

500-mL plastic or glass*

PRESERVATIVE

None

None

STORAGE/
HOLD TIME

<6C but not frozen

ambient or <6C but not frozen
*some organic wastes may destroy plastic containers

6.0 APPARATUS AND MATERIALS

6.1 Teflon or Pyrex beakers, 150-mL and 250mL

6.2 Watch glasses, to fit over beakers

6.3 Teflon vials-25mL

6.4 Hot plates-capable of maintaining a sample temperature of 95C+/-5C. The hot plates are calibrated each
quarter. The temperature of 50mL water contained in a digestion vessel at the center of the hot plate is
measured and the hot plate setting is marked when the temperature of the water reaches 85C. The temperature
of the material in the vessel will rise to approximately 90-95C when a watch glass is placed on top. (This
procedure for hot plate calibration is adopted from EPA Methods 200.7 and 200.9, which reference both
aqueous and soil/solid digestions)

6.5 Volumetric flasks- 100-mL,

6.6 Graduated cylinder-1 OOmL
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6.7 Pipettes

6.8 Analytical balance

6.9 Top-loading balance

7.0 REAGENTS

Reagents must be tracked in accordance with SL SOP AN44: Reagent Traceability.

7.1 Reagent water-lab generated deionized water. ASTM Type I or Type E. The conductivity must be checked
daily in accordance with SL SOP AN35: Conductivity Checks for Laboratory Deionized Water.

7.2 Nitric acid (HNO3)-reagent grade. The assay sheet of each lot of acid received into the lab must be reviewed to
make sure that the quality of the acid is sufficient for trace analysis of metals. Each lot of acid must be assayed
in the laboratory to ensure that each particular lot can be used for trace analysis.

7.3 Nitric acid solution (1:1 )- Measure 500ml of reagent water into a 2-L beaker. Place the beaker on a magnetic
stir plate and add a Teflon stir bar to the beaker. Carefully and slowly add 500ml of concentrated nitric acid
(HN03) to the reagent water in the beaker on the magnetic stir plate. Transfer the reagent to a labeled container
suitable for storing acidic solutions. Do not store reagents in volumetric glassware. Prepare this reagent as
needed.
CAUTION: HEAT WILL BE EVOLVED AS THE NITRIC ACID MIXES WITH THE WATER. THIS
SOLUTION IS WILL CAUSE SKIN BURNS AND DESTROY UNPROTECTED CLOTHING.

7.4 Hydrochloric acid(HCl)-reagent grade. The assay sheet of each lot of acid received into the lab must be
reviewed to make sure that the quality of the acid is sufficient for trace analysis of metals. Each lot of acid must
be assayed in the laboratory to ensure that each particular lot can be used for trace analysis.

7.5 Hydrochloric acid solution (1:1)- Measure 500ml of reagent water into a 2-L beaker. Place the beaker on a
magnetic stir plate and add a Teflon stir bar to the beaker. Carefully and slowly add 500ml of concentrated
hydrochloric acid (HC1) to the reagent water in the beaker on the magnetic stir plate. Transfer the reagent to a
labeled storage container suitable for acidic solutions. Do not store reagents in volumetric glassware. Prepare
this reagent as needed.
CAUTION: HEAT WILL BE EVOLVED AS THE HYDROCHLORIC ACID MIXES WITH THE WATER.
HYDROCHLORIC ACID HAS A SUFFOCATING ODOR AND MUST BE USED UNDER THE HOOD.
THIS SOLUTION IS WILL CAUSE SKIN BURNS AND DESTROY UNPROTECTED CLOTHING.
PREPARE THIS SOLUTION UNDER A HOOD.

7.6 Hydrogen peroxide, 30%-reagent grade. Check for impurities by the analysis of a method blank.
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8.0 STANDARDS
The preparation of the spiking solutions must be tracked in accordance with SL SOP AN4 1 -.Standard Material
Traceability. General guidance on the preparation of standards is given in SL SOP AN43 Standard
Preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab should prepare
standards from neat materials only if a certified solution is not available. See SL SOP AN43 for guidance for
standard preparation.

8. 1 Determine the volume of standard to be prepared and the volume of the stock standard needed to make the
spiking solutions. The following equation can be used:

v._Cf®Vf1 ~ a
where
Vi = volume of stock standard needed to prepare the spiking solution (mL)
Ci = concentration of stock solution (ug/mL)
Cf- concentration of spiking solution to prepare (ug/mL)
Vf = volume of spiking solution to prepare (mL)

The concentration can be expressed in whatever terms the analyst finds most convenient - ug/L, ug/mL, mg/L,
etc. The units must be the same for Ci and Cf.

8.2 Preparation of the ICP Matrix Spiking Solutions

8.2.1 ICP Matrix Spiking Solution 1 is a solution purchased from SPEX. The catalogue number is SPIKE-1. Store
this solution at room temperature. Prepare this solution every six months or sooner if needed or required.
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8.2.2 Preparation of the ICP Matrix Spiking Solution 2

Add 20-mL to 30-mL of reagent water to a clean 100-mL volumetric flask. Add 1 -mL of concentrated nitric
acid (HNOj) and 5-mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume.

Add the volumes of the stock standards given in the following table to the volumetric flask:

Element

Boron (B)
Calcium (Ca)
Magnesium (Mg)
Molybdenum (Mo)
Potassium (K)
Sodium (Na)
Strontium (Sr)
Tin (Sn)

Cone, of Stock
(mg/L)

1000
10000
10000

1000
10000
10000

1000
1000

mL of Stock

10
5.0
5.0
5.0
5.0
5.0
5.0
10

Final Volume (mL)

100

Cone, of std. (mg/L)

100
500
500
50

500
500
50
100

Dilute to a final volume of 100-mL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

9.0 SAMPLE PREPARATION

This digestion procedure is used for the preparation of soil, sediment, waste, and oil samples for total metal
determination by ICP (or flame AA). This digestion procedure is not suitable for some analytes that will be
analyzed by graphite furnace atomic absorption (GFAA) because HC1 can cause interferences during furnace
atomization.

9.1 Weigh 1 g to 2-g (wet weight) of a homogeneous sample into a 125-mL Teflon beaker or other suitable
digestion vessel. The lab may weigh a larger aliquot equal to 1 .Og of sample on a dry weight basis.

NOTE: A smaller weight of sample may be digested and the sample brought to a final volume that is
proportional to the Ig sample to lOOmL final volume ratio. For example, if O.SOg is digested, the final volume
of the digestate must be 50mL to achieve the same reporting limits; if 0.1 g is digested, the final volume of the
digestate must be lOmL. If the sample weight: final volume ratio is greater than 1:100, the reporting limits will
be higher than those listed in the CQAP.

9.1.1 To homogenize a soil sample, the sample may be vigorously stirred in the sample container or transferred a
plastic "baggie" and thoroughly mixed by kneading the container. After the sample is homogenized, return only
enough sample to the original container to fill it three fourths full. This will allow the sample to be stirred and
homogenized if additional aliquots of the sample are required. Place the discarded sample in a containerized
waste receptacle for disposal.

9.1.2 If the sample is a solid material, break up the solid in the baggie by hitting the sample with a hammer or other
suitable crushing device. Contact the immediate supervisor if the matrix is difficult to break up or is difficult to
mix.
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9.2 Add 1.0-mL of the appropriate spiking solution to the designated laboratory control spikes. The LCS/LCSD are
prepared by weighing Ig aliquots of the "blank soil" into labeled beakers or digestion vessels.

9.3 Add 1 .OmL of the appropriate spiking solution to the designated matrix spike samples. The MS/MSD are
prepared by weighing Ig to 2g of the sample chosen for the matrix spike into labeled beakers or digestion
vessels. The lab may weigh a larger aliquot equal to 1 .Og of sample on a dry weight basis for the MS/MSD or
may use a smaller weight if the final volume of the digestate is adjusted or if higher reporting limits are
acceptable.

9.4 Record the following information on the digestion log:
date
analyst's initials
beaker ID#
sample # and description
the weight of sample used
the lot number of the acids used for the digestion
the lot number of the ICP spiking solutions
the time that the digestion was started
the SOP/method number

NOTE: THE DIGESTION BATCH CONSISTS OF TWENTY OR FEWER FIELD SAMPLES AND THE
ASSOCIATED QC ITEMS. A DIGESTION BATCH IS NOT TO EXCEED 20 FIELD SAMPLES. EVERY
DIGESTION BATCH WILL HAVE A METHOD BLANK, A LABORATORY CONTROL SAMPLE(LCS),
A MATRIX SPIKE AND A MATRIX SPIKE DUPLICATE(IF THERE IS SUFFICIENT SAMPLE FOR
THE MS/MSD). PERFORM THE LCS IN DUPLICATE IF THE MS/MSD CANNOT BE PERFORMED.
THE METHOD BLANK IS PERFORMED WITH THE REAGENTS USED FOR THE DIGESTION. LAB
SPIKES FOR SOIL MATRICES WILL BE PERFORMED USING 1-G ALIQUOTS OF BLANK SAND.

9.5 Add 5mL of reagent water and 5mL of concentrated HNO3 to each beaker, mix, and cover the beaker with a
watchglass.

9.6 Carefully heat the beaker until a gentle reflux is achieved-the sample is not heated to boiling; that is, bubbles
are not formed in the liquid in the bottom of the beaker. The sample/acid solution is refluxing when the liquid
evaporates and drops of liquid condense on the watch glass and the sides of the beaker and fall back into the
beaker. Do not allow the samples to boil. Reflux for 10-15 minutes.

9.7 Remove the beakers from the hot plate and allow the beakers to cool to room temperature. Add 5mL of
concentrated HNO3 to each sample. Replace the watchglass and return the beakers to the hot plate. Carefully
heat the beaker until a gentle reflux is achieved. Reflux the samples for 30 minutes. Do not allow the samples
to boil.

9.8 Repeat the procedure in Step 9.7 with a second 5-mL portion of concentrated HNO3 if brown fumes are given
off. Repeat 9.7 until no brown fumes are given off.
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9.9 Evaporate the sample digestate to approximately 1 OmL Do not allow the bottom of the beaker to go dry during
the evaporation. Allow the sample to cool to room temperature before continuing onto the next step.

NOTE: If the sample is still warm when the 30% H2O2 (hydrogen peroxide) is added in the next step, the
sample may "boil over" and the entire process must be started over.

9.10 Add 2mL of reagent water to each beaker. Slowly and carefully add 3mL of 30% H2O: to each beaker. It is
very important to add the hydrogen peroxide slowly to prevent loss of sample due to vigorous effervescence.
Return the beakers to the hot plate and heat until the effervescence subsides. Cool the beaker after the
effervescence subsides.

9.11 Continue to add 30% H2O2 in 1 -3mL aliquots to the sample digestate until the effervescence is minimal or until
the general appearance of the digestate is unchanged. Warm the sample digestate after each addition of H2O:
on the hot plate.

NOTE: Do not add more than 1 OmL of hydrogen peroxide to each sample.

9.12 After the last addition of peroxide, reduce the volume of the digest to 5-1 OmL without boiling and without
allowing the bottom of the beaker to go dry. Add lOmL of concentrated HC1 to each sample digestate. Replace
the watch glass and return the beakers to the hot plate and reflux the sample digestates for 10-15 minutes.

9.13 Wash down the inside of the beaker and the watchglass with reagent water. Dilute the sample digestate to
lOOmL with reagent water in a clean 100-mL graduated cylinder. Transfer the digestate to a labeled storage
container.

9.14 Record the analyst's initials, the final volume of the sample digestate, and the date that the digestion was
completed in the digestion logbook. The sample is now ready for analysis.

10.0 PROCEDURES

The digestion procedure is described in Section 9.0. The analytical procedure is given in SL SOP ME 70:
Elements by ICP.

11.0 CALCULATIONS

Calculations for the determination of metals by GFAA are given in SL SOP MElQ:Elements by ICP
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12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch consists of up to twenty (20) client samples and the associated quality control items. The
quality control items consist of a method (reagent) blank, a lab control standard (LCS), a matnx spike (MS),
and a matrix spike duplicate (MSD). If insufficient sample is available for the MS/MSD, the LCS is prepared
in duplicate.

SL SOP AN02: Analytical Batching contains guidance for evaluating the QC in an analytical batch.

12.2 The lab must perform a method detection limit (MDL) study annually in each matnx in accordance with SL
SOP CA90: Procedure for the Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE
No items in this revision.

14.0 TROUBLESHOOTING
No items in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories Corporate
Quality Assurance Plan, current revisions.

15.2 Test Methods for Evaluating Solid Waste, Third Edition, S W-846; vs. EPA Office of Solid Waste and
Emergency Response: Washington, DC.
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Approval
Stature:

R.
Title: CorporateQAManager ' Date:

DIGESTION PROCEDURES FOR GRAPHITE FURNACE ATOMIC ABSORPTION
TOTAL METALS AND TOTAL RECOVERABLE METALS IN LIQUID SAMPLES

1.0 SCOPE AND APPLICATION

The purpose of this SOP is to describe the procedures used to digest water, drinking water, wastewater, and
TCLP and EP leachate samples prior to analysis by graphite furnace atomic absorption (GFAA). Two
digestions procedures are included: total metals and total recoverable metals. Total metals is a more vigorous
digestion and must be used for 7000-series methods and TCLP and EP leachates. Total recoverable metals may
be used for 200-series methods.

2.0 SUMMARY OF METHOD

2.1 Total Metals-A known volume, usually 50mL, of an aqueous or leachate sample is transferred to a Teflon
beaker. The sample is refluxed with nitric acid at approximately 90-95C. After the sample has digested, as
evidenced by a clear digestate, the sample is brought up to the original volume with reagent water.

2.2 Total Recoverable Metals-A known volume, usually 50mL, of an aqueous sample is transferred to a Teflon
beaker. The sample is refluxed with dilute nitric acid at approximately 95C. After the sample has evaporated
to approximately 15mL, the sample is brought up to the original volume with reagent water.

2.3 Drinking water samples with a turbidity concentration of less than 1 NTU can be analyzed with no digestion if
the required quantitation limits can be achieved with no sample preconcentration. The exception to this rule is
silver, which requires sample digestion prior to analysis.

2.4 Samples filtered for the determination of dissolved metals do not require digestion if the sample

1) has a low COD(<20mg/L);
2) has a turbidity <1 NTU;
3) is colorless with no significant odor; and
4) is of one liquid phase and free of suspended particulates or precipitates after acidification
(40 CFR Part 136 Table IB-note 4)

2.5 This SOP is based on the guidance in SW-846 Method 3020A and EPA Method 200.9.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand
or that will put you or others in potentially dangerous situations.

3.2 The samples are digested in strong acid solutions and contain an acid concentration of 10-20% by volume. The
analyst must wear protective clothing. The acids used in this procedure will destroy unprotected clothing. The
analyst must wear proper eye protection. Acid can be splashed into the eyes from many sources.
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3.3 The acid digestion procedures must be performed under a properly functioning fume hood. The acid fumes
from the digestion can cause mild to severe respiratory problems if breathed.

3.4 Each digestion lab must have acid spill kits. These kits must be located in a highly accessible area of the lab.
Each digestion lab must be equipped with a properly working shower.

3.5 The standards and reagents used to prepare the standards in this method should be treated as potential hazards.
Lab coats, gloves, and other protective equipment should be used when preparing and using the standards and
reagents.

3.6 Each analyst should be familiar with the Material Safety Data Sheets (MSDS) for each reagent and standard
used in this procedure. These sheets denote the type of hazard that each reagent poses and the safe handling
instructions for these compounds.

3.7 Care must be taken when handling the digestion beakers. Before handling a vessel that has been in use, check
the temperature to make sure that it is not hot. Make sure that the digestion vessels are placed on a stable
platform during and after the digestion. Vibrations from the hood or an unstable platform can cause the beakers
to move and possibly to fall and splatter an analyst with a hot acid solution. Hot acids can cause severe skin
bums and destroy unprotected clothing.

4.0 INTERFERENCES

Contamination of the sample can occur when the preparation glassware and/or reagents contain the target
elements. Reagent blanks (method blanks) must be analyzed as a check on contamination due to the sample
digestioa Glassware must be cleaned in accordance with SL SOP AN60: Glassware Cleaning Procedures.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

MATRIX

Aqueous (water)

ROUTINE
CONTAINER

500-mL plastic

PRESERVATIVE

HNO3topH<2

STORAGE/HOLD
TIME

Ambient

Samples for dissolved metals should be filtered in the field before acid is added to the sample. If the sample is
to be filtered in the lab, no preservative is added to the sample until the sample is filtered.

The pH of all preserved samples must be checked and documented upon arrival in the lab. If the pH is not
within the proper range, additional acid is added to the sample to bring the pH below 2.

Place a piece of pH paper (wide range or narrow range can be used) on a watch glass or other inert
surface.

Transfer a few drops of the sample to the pH paper and note the color change. If the pH <2, record
this in the log and transfer the sample to the storage area.
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If the pH is greater than 2, move the sample under a hood. Add 1:1 nitric acid to the sample in 1 mL
aliquots, checking the sample pH after each addition, until the pH <2. The volume of 1:1 nitric acid
added to the sample should not exceed 1% of the total volume of the sample. For a 500-mL sample,
the maximum volume of 1:1 nitric is 5mL. If more acid is required, contact the supervisor for further
guidance. An anomaly form (SL SOP CA85) is initiated for samples that require pH adjustment after
arrival in the lab.

NOTE: Samples that are not at pH<2 upon arrival in the lab may contain cyanide or sulfide or may be highly
buffered. Working under a hood minimizes the hazard the may be caused by the evolution of hydrogen cyanide
or hydrogen sulfide upon acidification of the sample. Be aware that acid/base neutralization reactions may be
violent and evolve a good deal of heat.

6.0 APPARATUS AND MATERIALS

6.1 Digestion vessels: Teflon or Pyrex beakers, 150-mL and 250mL, or comparable digestion vessels (250-mL
beakers are listed in the preparation steps but 125-mL or 50-mL digestion block digestion vessels can be
substituted)

6.2 Watch glasses, "ribbed", to fit over digestion vessels

6.3 Hot plates or digestion block-capable of maintaining a sample temperature of 90-95C. The hot plates or
digestion block are calibrated each quarter. The temperature of 50mL of water contained in a digestion vessel
at the center of the hot plate or placed in the digestion block is measured and the setting is marked when the
temperature of the water reaches 85C (+/- 3C). The temperature of the material in the vessel will rise to
approximately 95C +/- 5C when a watch glass is placed on top. (This procedure for calibration is adapted from
EPA Methods 200.7 and 200.9, which reference both aqueous and soil/solid digestions)

NOTE: The use of hot plates is listed in the preparation steps but a digestion block may be used if the same
general procedures are employed. The hot plate or digestion block settings must be recorded in the
maintenance log or other suitable log.

6.4 Teflon vials-25mL

6.5 Volumetric flasks- 100-mL

6.6 Graduated cylinder-50mL

6.7 Pipettes

6.8 Analytical balance

6.9 Top-loading balance
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7.0 REAGENTS

7.1 Reagent water-lab generated deionized water. ASTM Type I or Type n. The conductivity must be checked in
accordance with SL SOP AN35: Conductivity Checks for Laboratory Deionized Water.

7.2 Nitric acid (HNOj)-reagent grade.

7.3 Nitric acid solution (1:1 )- Measure SOOmL of reagent water into a 2-L beaker. Place the beaker on a magnetic
stir plate and add a Teflon stir bar to the beaker. Carefully and slowly add SOOmL of concentrated nitric acid
(HNOs) to the reagent water in the beaker on the magnetic stir plate. Transfer the reagent to a labeled container
suitable for storing acidic solutions. Do not store reagents in volumetric glassware. Prepare this reagent as
needed. CAUTION: HEAT WILL BE EVOLVED AS THE NITRIC ACID MIXES WITH THE WATER.
THIS SOLUTION IS WILL CAUSE SKIN BURNS AND DESTROY UNPROTECTED CLOTHING.

7.4 Hydrochloric acid (HC1)- reagent grade.

7.5 Hydrochloric acid solution (1:1)- Measure SOOmL of reagent water into a 2-L beaker. Place the beaker on a
magnetic stir plate and add a Teflon stir bar to the beaker. Carefully and slowly add SOOmL of concentrated
hydrochloric acid (HC1) to the reagent water in the beaker on the magnetic stir plate. Transfer the reagent to a
labeled container suitable for storing acidic solutions. Do not store reagents in volumetric glassware. Prepare
this reagent as needed CAUTION: HEAT WILL BE EVOLVED AS THE HYDROCHLORIC ACID
MDCES WITH THE WATER. THIS SOLUTION IS WILL CAUSE SKIN BURNS AND DESTROY
UNPROTECTED CLOTHING.

8.0 STANDARDS

The preparation of the spiking solutions must be tracked in accordance with SL SOP AN41 -.Standard Material
Traceability. General guidance on the preparation of standards is given in SL SOP AN43:Standard
Preparation. The expiration date of all spiking solutions is 180 days from date of preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab should prepare
standards from neat materials only if a certified solution is not available. See SL SOP AN43 for guidance for
standard preparation.

ME60-Page4of9

SAVANNAH LABORATORIES
« CHOIHOHHfHTAL SfflWCfS INC



ME60:04.01.98:5

8.1 Determine the volume of standard to be prepared and the volume of the stock standard needed to make the
spiking solutions. The following equation can be used:

8.2

Vi-
Cf®Vf

a
where
Vi - volume of stock standard ( or initial standard) needed to prepare the spiking solution(mL)
Ci = concentration of stock solution(or initial standard)(ug/TDL)
Cf= concentration of spiking solution to prepare(/?na/ concenrraf/on)(ug/mL)
Vf = volume of spiking solution to prepare(/?no/ vo/w/ne)(mL)

The concentration can be expressed in whatever terms the analyst finds most convenient - ug/L, ug/mL, mg/L,
etc. The units must be the same for Ci and Cf.

GFAA Spiking Solution
This spiking solution contains the elements that are routinely analyzed by GFAA.

8.2.1 Add 1 .OmL of nitric acid to a lOOmL volumetric flask containing about 50mL of reagent water.

8.2.2 Add Vi of the stock standards to the flask and dilute to a final volume of lOOmL with reagent water. Mix
thoroughly and transfer to a labeled storage container. Prepare this solution as needed or every six months.

The following table gives a recipe for the preparation of the GFAA matrix spiking solution:

GFAA Spiking Solution
Element
Silver (Ag)
Arsenic(As)
Selenium(Se)
Lead(Pb)
Thallium(Tl)
Cadmium(Cd)
Copper(Cu)
Chromium(Cr)
Antimony(Sb)
Nickel(Ni)

Ci(mg/L)
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

Vi(mL)
0.050
0.50
0.50
0.50
0.50

0.050
0.50
0.50
0.50
0.50

Vf(mL)
100

Cf(mg/L)
0.50
5.0
5.0
5.0
5.0

0.50
5.0
5.0
5.0
5.0
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9.0 SAMPLE PREPARATION

The turbidity of drinking water samples can be checked using the procedures in SL SOP BA8Q:Turbidity.
If the turbidity of the sample is not checked, the digestion procedure must be performed. If silver must be
determined in a drinking water sample, the sample must be digested.

9.1 Total Metals-Aqueous Samples and TCLP

9.1.1 Using a graduated cylinder, transfer a 50-mL aliquot (or an appropriate volume diluted to 50-mL with reagent
water) of a well-mixed sample to a clean 125-mL Teflon beaker or other suitable digestion vessel.

NOTE: If there is not sufficient volume to use a 50-mL aliquot, the lab can use a smaller volume of sample and
bring the final digested volume back to the original volume of the sample used That is, if 25mL of sample is
digested, the final volume of the digested should be brought back to 25mL. If a smaller aliquot is used, the
digestion analyst must be careful not to allow the sample digest to evaporate completely.

9.1.2 Add 50mL of reagent water to a beaker that has been designated as the method blank. This QC sample is taken
through all digestion and sample preparation steps to monitor for contamination that may be due to glassware,
reagents, or sample handling.

9.1.3 Add O.SOmL of the graphite furnace spiking solution to a 50-mL aliquot of reagent water designated as the
laboratory control spikes (LCS).

9.1.4 Add O.SOmL of the graphite furnace spiking solutions to two 50mL aliquots of the client sample designated as
the matrix spikes samples(MS and MSD).

9.1.5 Record the following information on the digestion log:

date
analyst's initials
beaker ID#
sample # and description
the volume of sample used
the lot number of the acids used for the digestion
the lot numbers of the graphite furnace LCS spiking solutions and the graphite furnace
matrix spiking solutions
the time that the digestion was started
the SOP/method number

NOTE:A DIGESTION BATCH CONSISTS OF TWENTY FIELD SAMPLES AND THE ASSOCIATED
QC ITEMS. THE BATCH IS NOT TO EXCEED 20 FIELD SAMPLES. EVERY DIGESTION BATCH
WILL HAVE A METHOD BLANK, A LABORATORY CONTROL SAMPLE(LCS), A MATRIX SPIKE
AND A MATRIX SPIKE DUPLICATE(ff THERE IS SUFFICIENT SAMPLE FOR THE MS/MSD). IF
THERE IS NOT SUFFICIENT SAMPLE FOR MS/MSD, THE LCS IS PREPARED IN
DUPLICATE(LCSD).
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9.1.6 Add 1.5mL of concentrated HNOj to each sample. Cover each beaker with a watch glass (a watch glass is not
required for the digestion block). Gently heat the beaker until the sample refluxes-the sample is not heated to
boiling; that is, bubbles are not formed in the liquid in the bottom of the beaker. The sample/acid solution is
refluxing when the liquid evaporates and drops of liquid condense on the watch glass and the sides of the
beaker and fall back into the beaker. Evaporate the sample until the volume is approximately 15-20mL. DO
NOT ALLOW THE SAMPLE TO COMPLETELY EVAPORATE TO DRYNESS!

NOTE: If a volume of sample smaller than 50mL is digested, the amount of acid should be reduced
proportionately.

9.1.7 Remove the beakers from the hot plate and cool the beakers to room temperature. Add another 1.5mL portion
of concentrated HN03. Replace the watch glass and continue heating the sample on the hot plate. Again, at the
proper temperature, the sample should gently reflux in the beaker-do not allow the sample to boil.

9.1.8 Continue heating the sample and adding additional 1.5-mL portions of concentrated HNOs until the digestate is
light in color or does not change in appearance after subsequent additions of HNOs. If a sample requires more
than 12mL of acid to digest, contact the digestion lab supervisor for guidance.

9.1.9 Evaporate the digestate (covered with the watch glass) until the volume is approximately 5 to lOmL.

9.1.10 Wash down the inside of the beaker and the watch glass with reagent water. Dilute the sample digestate to
50mL with reagent water in a clean 50-mL graduated cylinder. The sample digestate should have an acid
concentration of about 1% HNO3.Transfer the digest to a labeled storage container, usually a 125-mL plastic
vial.

9.1.12 Record the analyst's initials, the final volume of the sample digestate, and the date and time that the digestion
was completed in the digestion logbook. The sample is now ready for analysis by graphite furnace.

9.2 Total Recoverable Metals-Aqueous Samples (for 200-series only)

9.2.1 Using a graduated cylinder, transfer a 50-mL aliquot (or an appropriate volume diluted to 50-mL with reagent
water) of a well-mixed sample to a clean 125-mL Teflon beaker or other suitable digestion vessel.

NOTE: If there is not sufficient volume to use a 50-mL aliquot, the lab can use a smaller volume of sample and
bring the final digested volume back to the original volume of the sample used. That is, if 25mL of sample is
digested, the final volume of the digested should be brought back to 25mL. If a smaller aliquot is used, the
digestion analyst must be careful not to allow the sample digest to evaporate completely.

9.2.2 Add 50mL of reagent water to a beaker that has been designated as the method blank. This QC sample is taken
through all digestion and sample preparation steps to monitor for contamination that may be due to glassware,
reagents, or sample handling.

9.2.3 Add O.SOmL of the graphite furnace spiking solution to a 50-mL aliquot of reagent water designated as the
laboratory control spikes (LCS).

9.2.4 Add O.SOmL of the graphite furnace spiking solutions to two 50-mL aliquots of the client sample designated as
the matrix spikes samples(MS and MSD).
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9.2.5 Record the following information on the digestion log:

date
analyst's initials
beaker ID#
sample # and description
the volume of sample used
the lot number of the acids used for the digestion
the lot numbers of the graphite furnace LCS spiking solutions and the graphite furnace
matrix spiking solutions
the time that the digestion was started
the SOP/method number

NOTE:A DIGESTION BATCH CONSISTS OF TWENTY FIELD SAMPLES AND THE ASSOCIATED
QC ITEMS. THE BATCH IS NOT TO EXCEED 20 FIELD SAMPLES. EVERY DIGESTION BATCH
WILL HAVE A METHOD BLANK, A LABORATORY CONTROL SAMPLE(LCS), A MATRIX SPIKE
AND A MATRIX SPIKE DUPLICATE(ff THERE IS SUFFICIENT SAMPLE FOR THE MS/MSD). IF
THERE IS NOT SUFFICIENT SAMPLE FOR MS/MSD, THE LCS IS PREPARED IN
DUPLICATE(LCSD).

9.2.6 The acids added to each sample will depend of the requested analysis.

9.2.6.1 EPA 200.9
Add 1 .OmL of 1:1 HNO3 and O.SOmL of 1:1 HC1 to each sample. Cover each beaker with a watch glass(a
watch glass is not required for the digestion block). Gently heat the beaker until the sample refluxes-the sample
is not heated to boiling; that is, bubbles are not formed in the liquid in the bottom of the beaker. The
sample/acid solution is refluxing when the liquid evaporates and drops of liquid condense on the watch glass
and the sides of the beaker and fall back into the beaker. Evaporate the sample until the volume is
approximately 15mL. DO NOT ALLOW THE SAMPLE TO COMPLETELY EVAPORATE TO DRYNESS!

9.2.6.2 Other 200-series methods
Add 1 .OmL of 1:1 HNO3 to each sample. Cover each beaker with a watch glass(a watch glass is not required
for the digestion block). Gently heat the beaker until the sample refluxes-the sample is not heated to boiling;
that is, bubbles are not formed in the liquid in the bottom of the beaker. The sample/acid solution is refluxing
when the liquid evaporates and drops of liquid condense on the watch glass and the sides of the beaker and fall
back into the beaker. Evaporate the sample until the volume is approximately 15mL. DO NOT ALLOW THE
SAMPLE TO COMPLETELY EVAPORATE TO DRYNESS!

9.2.7 Wash down the inside of the beaker and the watch glass with reagent water.

9.2.7.1 EPA 200.9: Dilute the sample digestate to 25mL with reagent water in a clean graduated cylinder. Transfer the
digest to a labeled storage container, usually a 125-mL plastic vial.

9.2.7.2 Other 200-series methods: Dilute the sample digestate to 50mL with reagent water in a clean graduated
cylinder. Transfer the digest to a labeled storage container, usually a 125-mL plastic vial.

9.2.8 Record the analyst's initials, the final volume of the sample digestate, and the date and time that the digestion
was completed in the digestion logbook. The sample is now ready for analysis by graphite furnace.
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10.0 PROCEDURES

The digestion procedure is described in Section 9.0. The analytical procedure is given in SL SOP ME 75:
Graphite Furnace AA.

11.0 CALCULATIONS

Calculations for the determination of metals by GFAA are given in SL SOP ME75: Graphite Furnace AA.

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch consists of up to twenty (20) client samples and the associated quality control items. The
quality control items consist of a method (reagent) blank, a lab control standard (LCS), a matrix spike (MS),
and a matrix spike duplicate (MSD). If insufficient sample is available for the MS/MSD, the LCS is prepared
in duplicate.

SL SOP AN02: Analytical Batching contains guidance for evaluating the QC in an analytical batch.

12.2 The lab must perform a method detection limit (MDL) study annually in each matrix in accordance with SL
SOP CA90: Procedure for the Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

No items in this revision.

14.0 TROUBLESHOOTING

No items in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories Corporate
Quality Assurance Plan, current revisions.

15.2 Method 3020. Test Methods for Evaluating Solid Waste, Third Edition, S W-846; vs. EPA Office of Solid
Waste and Emergency Response: Washington, DC. (Update HI).

15.3 EPA Method 200.9. Methods for the Determination of Metals in Environmental Samples, May 1994,
Supplement 1. (EPA 600/R-94/111).
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Approval
Signature:_

' R. Wayn/Rob/ins -
Title: Corporate QA Manager_______Date: \7»Jj int//°

DIGESTION PROCEDURES FOR GRAPHITE FURNACE ATOMIC ABSORPTION
TOTAL METALS IN SOILS, SEDIMENTS, WASTES, AND GELS

1.0 SCOPE AND APPLICATION

The purpose of this SOP is to describe the procedures used to digest soil, sediment, waste, and oil samples
prior to the analysis by graphite furnace atomic absorption (GFAA).

2.0 SUMMARY OF METHOD

2.1 A known weight of the well mixed sample, approximately 1 g, is transferred to a Teflon beaker The sample is
digested with aliquots of nitric acid and hydrogen peroxide to break down the organics present in the sample.
After the sample has been digested, the digest is diluted to a final volume of lOOmL or less with reagent water.

A smaller weight of sample may be digested and the sample brought to a final volume that is proportional to
the Ig sample to lOOmL final volume ratio. For example, if O.SOg is digested, the final volume of the digestate
must be 50mL to achieve the same reporting limits.

2.2 This SOP is based on the guidance in SW-846 Method 3050B.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand
or that will put you or others in potentially dangerous situations.

3.2 The samples are digested in strong acid solutions and contain an acid concentration of 10-20% by volume. The
analyst must wear protective clothing. The acids used in this procedure will destroy unprotected clothing. The
analyst must wear proper eye protection. Acid can be splashed into the eyes from many sources.

3.3 The acid digestion procedures must be performed under a properly functioning fume hood. The acid fumes
from the digestion can cause mild to severe respiratory problems if breathed.

3.4 Each digestion lab must have acid spill kits. These kits must be located in a highly accessible area of the lab.
Each digestion lab must be equipped with a properly working shower.

3.5 The standards and reagents used to prepare the standards in this method should be treated as potential hazards.
Lab coats, gloves, and other protective equipment should be used when preparing and using the standards and
reagents.
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3.6 The Material Safety Data Sheets (MSDS) for each reagent and standard are located in each laboratory. These
sheets denote the type of hazard that each reagent poses and the safe handling instructions for these
compounds.

3.7 Care must be taken when handling the digestion beakers. Before handling a vessel that has been in use, check
the temperature to make sure that it is not hot. Make sure that the digestion vessels are placed on a stable
platform during and after the digestion. Vibrations from the hood or an unstable platform can cause the beakers
to move and possibly to fall and splatter an analyst with a hot acid solution. Hot acids can cause severe skin
bums and destroy unprotected clothing.

4.0 INTERFERENCES

Contamination of the sample can occur when the preparation glassware and/or reagents contain the target
elements. Reagent blanks (method blanks) must be analyzed as a check on contamination due to the sample
digestion. Glassware must be cleaned in accordance with SL SOP AN60: Glassware Cleaning Procedures.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

MATRIX

Soils/
sediments

Waste/Oils

ROUTINE
CONTAINER

500-mL plastic

500-mL plastic or glass*

PRESERVATIVE

None

None

STORAGE/
HOLD TIME

<6C but not frozen

ambient or <6C but not frozen
*some organic wastes may destroy plastic containers

6.0 APPARATUS AND MATERIALS

6.1 Teflon or Pyrex beakers, 150-mL and 250mL

6.2 Watch glasses, to fit over beakers

6.3 Teflon vials-25mL

6.4 Hot plates-capable of maintaining a sample temperature of 90-95C. The hot plates are calibrated each quarter.
The temperature of 50mL water contained in a digestion vessel at the center of the hot plate is measured and
the hot plate setting is marked when the temperature of the water reaches 85 C. The temperature of the material
in the vessel will rise to approximately 90-95C when a watch glass is placed on top. (This procedure for hot
plate calibration is adopted from EPA Methods 200.7 and 200.9, which reference both aqueous and soil/solid
digestions)

6.5 Volumetric flasks-100-mL,

6.6 Graduated cylinder-1 OOmL
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6.7 Pipettes

6.8 Analytical balance

6.9 Top-loading balance

7.0 REAGENTS

Reagents must be tracked in accordance with SL SOP AN44 J^eagent Traceability.

1.1 Reagent water-lab generated deionized water. ASTM Type I or Type II. The conductivity must be checked in
accordance with SL SOP AN35: Conductivity Checks for Laboratory Deionized Water.

1.2 Nitric acid (HNO3)-reagent grade. The assay sheet of each lot of acid received into the lab must be reviewed to
make sure that the quality of the acid is sufficient for trace analysis of metals. Each lot of acid must be assayed
in the laboratory to ensure that each particular lot can be used for trace analysis.

7.3 Nitric acid solution (1:1 )- Measure 500ml of reagent water into a 2-L beaker. Place the beaker on a magnetic
stir plate and add a Teflon stir bar to the beaker. Carefully and slowly add 500ml of concentrated nitric acid
(HNO3) to the reagent water in the beaker on the magnetic stir plate. Transfer the reagent to a labeled container
suitable for storing acidic solutions. Do not store reagents in volumetric glassware. Prepare this reagent as
needed. CAUTION: HEAT WILL BE EVOLVED AS THE NITRIC ACID MIXES WITH THE WATER.
THIS SOLUTION IS WILL CAUSE SKIN BURNS AND DESTROY UNPROTECTED CLOTHING.

7.4 Hydrogen peroxide, 30%-reagent grade. Check for impurities by the analysis of a method blank.

8.0 STANDARDS

The preparation of the spiking solutions must be tracked in accordance with SL SOP AN41 -.Standard Material
Traceability. General guidance on the preparation of standards is given in SL SOP AN43 '.Standard
Preparation. The expiration date of all spiking solutions is 180 days from date of preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab should prepare
standards from neat materials only if a certified solution is not available. See SL SOP AN43 for guidance for
standard preparation.
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8. 1 Determine the volume of standard to be prepared and the volume of the stock standard needed to make the
spiking solutions. The following equation can be used:

a

8.2

where
Vi - volume of stock standard (or initial standard) needed to prepare the spiking solution(mL)
Ci = concentration of stock solution(or initial standard)(ug/mL)
Cf= concentration of spiking solution to prepare(/?na/ concentration)(u%/mL)
Vf = volume of spiking solution to prepare(//no/ volume}(mL)

The concentration can be expressed in whatever terms the analyst finds most convenient - ug/L, ug/mL, mg/L,
etc. The units must be the same for Ci and Cf.

GFAA Spiking Solution
This spiking solution contains the elements that are routinely analyzed by GFAA.

8.2.1 Add l.OmL of nitric acid to a 1 OOmL volumetric flask containing about 50mL of reagent water.

8.2.2 Add Vi of the stock standards to the flask and dilute to a final volume if 100 with reagent water. Mix
thoroughly and transfer to a labeled storage container. Prepare this solution as needed or every six months.
The following table gives a recipe for the preparation of the GFAA matrix spiking solution:

Element
Silver (Ag)
Arsenic(As)
Selenium(Se)
Lead(Pb)
Thallium(Tl)
Cadmium(Cd)
Copper(Cu)
Chromium(Cr)
Antimony(Sb)
Nickel(Ni)

Ci(mg/L)
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

Vi(mL)
0.050
0.50
0.50
0.50
0.50
0.050
0.50
0.50
0.50
0.50

Vf(mL)
100

Cf(mg/L)
0.50
5.0
5.0
5.0
5.0
0.50
5.0
5.0
5.0
5.0
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9.0 SAMPLE PREPARATION

9.1 Weigh 1 g to 2-g (wet weight) of a homogeneous sample into a 125-mL Teflon beaker or other suitable
digestion vessel. The lab may weigh a larger aliquot equal to 1 .Og of sample on a dry weight basis.

NOTE: A smaller weight of sample may be digested and the sample brought to a final volume that is
proportional to the 1 g sample to lOOmL final volume ratio. For example, if O.SOg is digested, the final volume
of the digestate must be 50mL to achieve the same reporting limits; if 0. Ig is digested, the final volume of the
digestate must be lOmL. If the sample weight: final volume ratio is greater than 1:100, the reporting limits will
be higher than those listed in the CQAP.

9.1.1 To homogenize a soil sample, the sample may be vigorously stirred in the sample container or transferred a
plastic "baggie" and thoroughly mixed by kneading the container.

9.1.2 If the sample is a solid material, break up the solid in the baggie by hitting the sample with a hammer or other
suitable crushing device.

Contact the immediate supervisor if the matrix is difficult to break up or is difficult to mix.

9.2 Add 1.0-mL of the graphite furnace spiking solution to the laboratory control spike (LCS). The LCS is
prepared by weighing 1 g of the "blank soil" into a labeled beaker or digestion vessel.

9.3 Add 1 .OmL of the graphite furnace spiking solution to the designated matrix spike samples. The MS/MSD are
prepared by weighing 1 g to 2g of the sample chosen for the matrix spike into labeled beakers or digestion
vessels. The lab may weigh a larger aliquot equal to 1 .Og of sample on a dry weight basis for the MS/MSD or
may use a smaller weight if the final volume of the digestate is adjusted or if higher reporting limits are
acceptable.

9.4 Record the following information on the digestion log:
date
analyst's initials
beaker ID#
sample # and description
the weight of sample used
the lot number of the acids used for the digestion
the lot number of the graphite furnace spiking solutions
the time that the digestion was started
the SOP/method number

NOTE: THE DIGESTION BATCH CONSISTS OF TWENTY OR FEWER FIELD SAMPLES AND The
ASSOCIATED QC ITEMS. A DIGESTION BATCH IS NOT TO EXCEED 20 FIELD SAMPLES. EVERY
DIGESTION BATCH WILL HAVE A METHOD BLANK, A LABORATORY CONTROL SAMPLE(LCS),
A MATRIX SPIKE AND A MATRIX SPIKE DUPLICATE(F THERE IS SUFFICIENT SAMPLE FOR
THE MS/MSD). PERFORM THE LCS IN DUPLICATE IF THE MS/MSD CANNOT BE PERFORMED.
THE METHOD BLANK IS PERFORMED WITH THE REAGENTS USED FOR THE DIGESTION. LAB
SPIKES FOR SOIL MATRICES WILL BE PERFORMED USING 1 -G ALIQUOTS OF BLANK SAND.
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9.5 Add 5mL of reagent water and 5mL of concentrated HNO3 or 10 ml of 1:1 HNO3 to each beaker, mix, and
cover the beaker with a watch glass.

9.6 Carefully heat the beaker until a gentle reflux is achieved-the sample is not heated to boiling; that is, bubbles
are not formed in the liquid in the bottom of the beaker. The sample/acid solution is refluxing when the liquid
evaporates and drops of liquid condense on the watch glass and the sides of the beaker and fall back into the
beaker. Reflux/digest the samples for 10 to 15 minutes after the samples have attained 90-95C. Do not allow
the samples to boil.

9.7 Remove the beakers from the hot plate and allow the beakers to cool to room temperature. Add 5mL of
concentrated HNO3 to each sample. Replace the watch glass and return the beakers to the hot plate. Carefully
heat the beaker until a gentle reflux is achieved. Reflux the samples for 30 minutes at 95 C. Remove the
samples from the hot plate and allow to cool. Do not allow the samples to boil.

9.8 Repeat the procedure in Step 9.7 with a second 5-mL portion of concentrated HN03. If brown fumes are given
off, Repeat Step 9.7 until no brown fumes are given off.

9.9 Evaporate the sample digestate to approximately 1 OmL. Do not allow the bottom of the beaker to go dry during
evaporation. Allow the sample to cool to room temperature before continuing onto the next step.

NOTE: If the sample is still warm when the 30% H2O2 (hydrogen peroxide) is added in the next step, the
sample may "boil over" and the entire process must be started over.

9.10 Add 2mL of reagent water to each beaker. Slowly and carefully add 1 mL to 3mL of 30% H2O2 to each beaker.
It is very important to add the hydrogen peroxide slowly to prevent loss of sample due to vigorous
effervescence. Return the beakers to the hot plate and heat until the effervescence subsides. Cool the beakers
after the effervescence subsides.

9.11 Continue to add 30% H2O2 in 1 -3mL aliquots to the sample digestate until the effervescence is minimal or until
the general appearance of the digestate is unchanged. Warm the sample digestate after each addition of H2O2
on the hot plate.

NOTE: Do not add more the lOmL of hydrogen peroxide to each sample.

9. L2 After the last addition of peroxide, continue heating to a final volume of 5-10 ml. Remove the beakers from the
hot plate and allow to cool.

9.13 Wash down the inside of the beaker and the watch glass with reagent water. Dilute the sample digestate to
lOOmL with reagent water in a clean 100-mL graduated cylinder. The sample digestate should have an acid
concentration of about 10%HNO3. Transfer the digestate to a labeled storage container.

9.14 Record the analyst's initials, the final volume of the sample digestate, and the date that the digestion was
completed in the digestion logbook. The sample is now ready for analysis by graphite furnace.
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10.0 PROCEDURES

The digestion procedure is described in Section 9.0. The analytical procedure is given in SL SOP ME 75:
Graphite Furnace AA.

11.0 CALCULATIONS

Calculations for the determination of metals by GFAA are given in SL SOP ME75: Graphite Furnace AA.

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch consists of up to twenty (20) client samples and the associated quality control items. The
quality control items consist of a method (reagent) blank, a lab control standard (LCS), a matrix spike (MS),
and a matrix spike duplicate (MSD). If insufficient sample is available for the MS/MSD, the LCS is prepared
in duplicate.

SL SOP AN02: Analytical Batching contains guidance for evaluating the QC in an analytical batch.

12.2 The lab must perform a method detection limit (MDL) study annually in each matrix in accordance with SL
SOP CA90: Procedure for the Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

No items in this revision.

14.0 TROUBLESHOOTING

No items in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories Corporate
Quality Assurance Plan, current revisions.

15.2 Test Methods for Evaluating Solid Waste, Third Edition, SW-846; vs. EPA Office of Solid Waste and
Emergency Response: Washington, DC.
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Signature:

' R.
Title: Corporate QA Manager Date:

ELEMENTS BY ICP
(200.7 and 6010B)

1.0 SCOPE AND APPLICATION

1.1 This SOP describes the procedures to determine the concentration of various elements by inductively coupled
plasma (ICP) atomic emission spectroscopy. This method contains the analytical procedures for the
determination of metals in surface and ground water, wastewater, soil, sediment, leachate (EP or TCLP), and
waste samples after digestion.

1.2 Table 1 lists the elements that may be determined by ICP and the characteristic wavelength used for each
element. The reporting limit (RL) for each element, the method detection limit (MDL) for each element, and
the accuracy and precision criteria for each element are listed in Section 5 of the Savannah Labs'
Comprehensive Quality Assurance Plan and Corporate Quality Assurance Plan.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis by ICP, the sample must be solubilized or digested using the sample preparation method
appropriate to the matrix. Sample digestates are aspirated and nebulized into a spray chamber. A stream of
argon gas carries the sample aerosol through the innermost of three concentric tubes and injects it into the
middle of the donut-shaped plasma. The sample elements are dissociated, atomized, and exited to a higher
energy level. As the elements fall to a lower energy level, radiation characteristic of the elements present in the
plasma is emitted. The light is directed through an entrance slit, dispersed by the diffraction grating, and
projected on to the photomultiplier tube (PMT). The PMTs, located behind the exit slits, convert the light
energy to an electrical current. This signal is then digitized and processed by the data system. Background
correction is required for trace element determination.

2.2 This method is based on EPA Method 200.7 and SW-846 Method 6010B. Note that EPA has promulgated two
versions of method 200.7-one for NPDES samples and one for drinking water. The calibration sequence for
drinking water by 200.7 requires a multi-point curve with a minimum of three standards and a calibration
blank.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand
or that will put you or others in potentially dangerous situations.

3.2 Each digestion lab must have acid spill kits. These kits must be located in a highly accessible area of the lab.
Each digestion lab must be equipped with a properly working shower.

3.3 The standards and reagents used to prepare the standards in this method should be treated as potential hazards.
Lab coats, gloves, and other protective equipment should be used when preparing and using the standards and
reagents.

3.4 The Material Safety Data Sheets (MSDS) for each reagent and standard are located in each laboratory. These
sheets denote the type of hazard that each reagent poses, the safe handling instructions for these compounds,
and first aid instructions.
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4.0 INTERFERENCES

4.1 Spectral interferences are caused by (1) the overlap of a spectral line from another element, (2) unresolved
overlap of molecular band spectra, (3) background contribution from continuous phenomena, and (4) stray-
light from the line emissions of highly concentrated elements.

4.1.1 Spectral overlap may be compensated for by the use of inter-element correction factors.

4.1.2 Background contribution and stray light can be compensated for by a background correction adjacent to the
analyte line.

4.2 Physical interferences are effects associated with the sample nebulization and transport processes. Changes in
viscosity can cause significant inaccuracies, especially in samples containing high concentrations of dissolved
solids or high acid concentrations. If physical interferences are present, they must be reduced by diluting the
sample digestate, by using a peristaltic pump, or by using the method of standards additions(MSA), or use of an
internal standard

4.3 Contamination of the sample can occur when the preparation glassware and/or reagents contain the target
elements. Reagent blanks (method blanks) must be analyzed as a check on contamination due to the sample
digestion.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5.1 Aqueous Samples

5.1.1 Liquid samples are collected in 250mL or SOOmL plastic containers. The sample is preserved with HNO3 to a
pH <2. The sample must be digested and analyzed within 6 months of collection.

5.1.2 Samples for dissolved metals should be filtered in the field before acid is added to the sample. If the sample is
to be filtered in the lab, no preservative is added to the sample until the sample is filtered.

5.2 Soil/Sediment Samples

Soil and sediment samples are collected in 500mL plastic containers. The sample is iced at the time of
collection and is stored in the lab at 4C (less than 6C but not frozen) until time of digestion and analysis. The
sample must be digested and analyzed within 6 months of collection.

5.3 TCLP or EP Toxicity Leachate Samples

The leachate is transferred to a plastic container after the extraction procedure. The sample is preserved with
HNO3 to a pH <2. The leachate sample must be digested and analyzed within 6 months of collection. If the
leachate is to be analyzed for mercury, the leachate is stored at 4C (less than 6C but not frozen) until the
mercury analysis is completed. Hold time for mercury is 28 days.

5.4 Waste Samples

Waste samples are collected in SOOmL plastic containers. The sample must be digested and analyzed within 6
months of collection.

6.0 APPARATUS AND MATERIALS

6.1 Thermo Jarrell Ash ICAP-61, TJA- Enviro 36, TJA 1CAP61 E-trace, or other suitable inductively coupled
plasma emission spectrometer with data system

6.2 Argon gas supply and appropriate fittings

6.3 Cooling water supply
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6.4 Peristaltic pump

6.5 Volumetric flasks

6.6 Pipettes

7.0 REAGENTS

Reagents are tracked in accordance with SL SOP AN44 Reagent Traceability.

1.1 Reagent water-lab generated deionized water, ASTM Type I or Type II. The conductivity is monitored in
accordance with SL SOP AN35.

7.2 Nitric acid (HN03)-reagent grade. The assay sheet of each lot of acid received into the lab must be reviewed to
make sure that the quality of the acid is sufficient for trace analysis of metals.

7.4 Hydrochloric acid (HCl)-reagent grade. The assay sheet of each lot of acid received into the lab must be
reviewed to make sure that the quality of the acid is sufficient for trace analysis of metals.

8.0 STANDARDS

Calibration and spike solutions are prepared from either certified stock solutions or from stock solutions
purchased from vendors. Table 2 lists the various stock standards that are used to prepare the calibration and
QC standards. Certificates of analysis or purity must be received with all neat compounds or stock solutions.
All preparation steps must be in accordance with SL SOP AN41: Standard Materials Traceability.

NOTE: Many standards are to be prepared every six months "or sooner if needed or required," "if needed"
means the standard has been exhausted; "if required" means that the standard does not meet the QC criteria.

8.1 Initial Calibration Standards

8.1.1 Preparation of the Calibration Blank (ICB, CCB)

The calibration blank is reagent water that has been acidified with a mixture of HC1 and HNO3. The calibration
blank is used as the initial calibration blank (ICB) and the continuing calibration blank (CCB).
The calibration blank must be prepared every six months or sooner if target elements are detected above the
reporting limit.

EXAMPLE: Preparation of One Liter of the Calibration Blank

Add SOOmL to 600mL of reagent water to a clean 1 -L volumetric flask. Add 1 OmL of concentrated nitric acid
(HNO3) and 50mL of hydrochloric acid (HC1) to the volumetric flask. The Calibration Blank will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Dilute to a final volume of 1.0-L with reagent
water. Store the standard at room temperature.

Larger volumes may be prepared at the discretion of the lab. The nitric acid concentration must be 1% by
volume and the hydrochloric acid concentration must be 5% by volume.
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8.1.2 Preparation of Calibration STANDARD 2

Add lOOmL to 200mL of reagent water to a clean SOOmL volumetric flask. Add 5mL of concentrated nitric
acid (HNO3) and 25mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Silver(Ag)
Arsenic(As)
Molybdenum(Mo)
Lead(Pb)
Selenium(Se)
Antimony(Sb)
Thallium(Tl)

Cone, of Stock Std

1000
1000
1000
1000
1000
1000
1000

mL of Stock Std

0.50
0.50
0.50
0.50
5.0

0.50
5.0

Final Volume (ml)

500

Cone, of Cal Std
(mg/L)

1.0
1.0
1.0
1.0
10
1.0
10

Dilute to a final volume of SOOmL with reagent water. Store the standard at room temperature. Prepare this
standard every six months if needed or required.

8.1.3 Preparation of Calibration STANDARD 3

Add lOOmL to 200mL of reagent water to a clean SOOmL volumetric flask. Add 5mL of concentrated nitric
acid (HNO3) and 25mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HNOj and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Beryllium(Be)
Barium(Ba)
Cadmium(Cd)
Cobalt(Co)
Chromium(Cr)
Copper(Cu)
Manganese(Mn)
Nickel(Ni)
Zinc(Zn)

Cone, of Stock Std

1000
1000
1000
1000
1000
1000
1000
1000
1000

mL of Stock Std

0.50
5.0

0.50
0.50
5.0
5.0
5.0
2.5
2.5

Final Volume (mL)

500

Cone, of Cal Std
(mg/L)

1.0
10
1.0
1.0
10
10
10
5.0
5.0

Dilute to a final volume of SOOmL with reagent water. Store the standard at room temperature. Prepare this
standard every six months or sooner if needed or required.

8.1.4 Preparation of Calibration STANDARD 4

Add lOOmL to 200mL of reagent water to a clean SOOmL volumetric flask. Add SmL of concentrated nitric
acid (HN03) and 25mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HN03 and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Aluminum(Al)
Iron(Fe)
Boron(B)
Strontium(Sr)

Cone, of Stock Std

10000
10000
1000
1000

mL of Stock Std

0.50
0.50
5.0
5.0

Final Volume (mL)

500

Cone, of Cal Std
(mg/L)

10
10
10
10

Dilute to a final volume of SOOmL with reagent water. Store the standard at room temperature. Prepare this
standard every six months or sooner if needed or required.
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8.1.5 Preparation of Calibration STANDARD 5

Add 200mL to 300mL of reagent water to a clean 500mL volumetric flask. Add 5mL of concentrated nitnc
acid (HNO3) and 25mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Calcium(Ca)
Potassium(K)
Magnesium(Mg)
Sodium(Na)
Tin(Sn)
Vanadium(V)

Cone, of Stock Std

10000
10000
10000
10000
1000
1000

mL of Stock Std

0.50
1.0

0.50
0.50
5.0
5.0

Final Volume (mL)

500

Cone, of Cal Std
(mg/L)

10
20
10
10
10
10

Dilute to a final volume of 500mL with reagent water. Store the standard at room temperature. Prepare this
standard every six months if needed or required.

8.1.6 Preparation of Calibration Standard SiO2

Add 20mL to 30mL of reagent water to a clean, plastic lOOmL volumetric flask. Add ImL of concentrated
nitric acid (HNO3) and 5mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HCI when diluted to volume. Add the volume of the stock standard given
in the following table to the volumetric flask:

Element

Silica (Si02)

Cone, of Stock Std

1000

mL of Stock Std

1.0

Final Volume of Cal
Std (ml)

100

Cone. Of Stock Std
(me/1)

10

Dilute to a final volume of 1 OOmL with reagent water. Store the standard at room temperature. Prepare this
standard ever six months if needed or required.

8.1.7 Preparation of the calibration standards for multi-point instrument calibration.

For all drinking water samples the ICP must be calibrated with a minimum of three standards and a blank. The
following standards may be used for this purpose.

With the Thermo Jarrell Ash software the Calibration Analysis and Curve-fit programs must be used to be
successful with the multi-point calibration of the ICP instruments.

8.1.7.1 Preparation of the High Standard.

Add 200mL to SOOmL of reagent water to a clean 1000-L volumetric flask. Add lOmL of concentrated nitric
acid (HN03) and 50mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:
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Element

Aluminum (Al)
Antimony (Sb)
Arsenic (As)
Boron (B)
Barium (Ba)
Bervllium (Be)
Cadmium (Cd)
Calcium (Ca)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Nickel (Ni)
Potassium (K)
Selenium (Se)
Silver (Ag)
Sodium (Na)
Strontium (Sr)
Thallium (Tl)
Tin (Sn)
Vanadium (V)
Zinc (Zn)

Cone, of Stock Std

10000
1000
1000
1000
1000
1000
1000

10000
1000
1000
1000
10000
1000
10000
1000
1000
1000
10000
1000
1000
10000
1000
1000
1000
1000
1000

mL of Stock Std

1.0
1.0
1.0
10
10
1.0
1.0
1.0
1.0
10
10
1.0
1.0
1.0
10
1.0
5.0
1.0
10
1.0
1.0
10
10
10
10
5.0

Final Volume (mL)

1000

Cone, of Cal Std
(ma/L)

10
1.0
1.0
10
10
1.0
1.0
10
1.0
10
10
10
10
10
10
1.0
5.0
10
10
1.0
10
10
10
10
10
5.0

Dilute to a final volume of lOOOmL with reagent water. Store this standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.1.7.2 Preparation of the Mid-Level Standard.

Prepare as the CC V is prepared (8.3).

8.1.7.3 Preparation of the Low-Level Standard.

Prepare as the RL/PQL Check Standard (8.4).

8.2 Preparation of the Initial Calibration Verification (ICV) Solution

The ICV is analyzed after the ICP is standardized and the standardization has been checked by the analysis of
the calibration standards as "unknowns"(the analysis of the calibration standards as "unknowns" must agree
within +/- 5% of the true concentration). The ICV solution verifies that the instrument is measuring the target
elements within specified criteria. The ICV must be prepared from stock standards that are obtained from a
different source than the stock standards used to prepare the calibration standards. The second source may be
from a separate vendor or from a separate lot from the same vendor.

For silica this standard may be used for the ICV and CCV standard.

8.2.1 Add approximately 400mL of reagent water to a SOOmL volumetric flask. Carefully add 25mL of concentrated
HC1 and 5mL of concentrated HNOs to the volumetric flask. The solution will have an acid concentration of
5%HClandl%HNO3.
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8.2.2 Using a calibrated pipette, transfer S.OmL of SPEX QC-7 and 5.0mL of SPEX QC-19 to the SOOmL
volumetric flask. Add O.SOmL of the lOOOmg/L Tin (Sn) stock standard to the SOOmL volumetric flask. The tin
(Sn) stock standard must be from a separate vendor than the vendor of the stock standard used to prepare the
calibration standard.

8.2.3 Dilute to volume with reagent water. Store the standard at room temperature. Prepare this standard every six
months or sooner if needed or required.

8.3 Preparation of the Continuing Calibration Verification (CCV) Solutions

The CCV is analyzed after every 10 samples (with a suggested maximum of 2 hours elapsed time), to verify
that the ICP is detecting the target elements within the specified criteria.

Add 200mL to SOOmL of reagent water to a clean lOOOmL volumetric flask. Add lOmL of concentrated nitric
acid (HNO3) and SOmL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Aluminum (Al)
Antimonv (Sb)
Arsenic (As)
Boron (B)
Barium (Ba)
Beryllium (Be)
Cadmium (Cd)
Calcium (Ca)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Nickel (Ni)
Potassium (K)
Selenium (Se)
Silver (Ag)
Sodium (Na)
Strontium (Sr)
Thallium (Tl)
Tin (Sn)
Vanadium (V)
Zinc (Zn)

Cone, of Stock Std

10000
1000
1000
1000
1000
1000
1000

10000
1000
1000
1000
10000
1000

10000
1000
1000
1000
10000
1000
1000
10000
1000
1000
1000
1000
1000

mL of Stock Std

0.50
0.50
0.50
5.0
5.0

0.50
0.50
0.50
0.50
5.0
5.0

0.50
0.50
0.50
5.0

0.50
2.5

0.50
5.0

0.50
0.50
5.0
5.0
5.0
5.0
2.5

Final Volume (mL)

1000

Cone, of CCV Std
(mR/L)

5.0
0.50
050
5.0
5.0

0.50
0.50
5.0

0.50
5.0
5.0
5.0

0.50
5.0
5.0

0.50
2.5
5.0
5.0

0.50
5.0
5.0
5.0
5.0
5.0
2.5

Dilute to a final volume of lOOOmL with reagent water. Store this standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.4 Preparation of the RL/PQL Check Standard for ICP

The R17PQL Check standard is analyzed at the beginning and end of each analysis sequence as a check on the
sensitivity of the ICP. The elements in the RIVPQL Check standard must be detected. Note that there are
separate standards for ICP and ICP-trace.
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8.4.1 Preparation of RL/PQL Stock A-ICP

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HN03) and 5mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HN03 and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Silver (Ag)
Arsenic (As)
Cadmium (Cd)
Copper (Cu)
Nickel (Ni)
Lead (Pb)
Selenium (Se)
Thallium (Tl)

Cone, of Stock Std

1000
1000
1000
1000
1000
1000
1000
1000

mL of Stock Std

0.10
1.0

0.050
0.25
0.40
0.50
5.0
5.0

Final Volume (mL)

100

Cone. Of Stock Std
(mg/L)

1.0
10

0.50
2.5
4.0
5.0
50
50

Dilute to a final volume of 1 OOmL with reagent water. Store the standard at room temperature.

8.4.2 Preparation of RL/PQL Stock B-ICP

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNO3) and 5mL of hydrochloric acid (HCI) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HCI when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Aluminum (Al)
Boron (B)
Barium (Ba)
Beryllium (Be)
Calcium (Ca)
Cobalt (Co)
Chromium (Cr)
Iron (Fe)
Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Sodium (Na)
Antimony (Sb)
Strontium (Sr)
Tin (Sn)
Vanadium (V)
Zinc (Zn)

Cone, of Stock Std

10000
1000
1000
1000
10000

1000
1000

10000
10000

1000
1000

10000
1000
1000
1000
1000
1000

mL of Stock Std

0.20
0.50
0.10
0.050

0.50
0.10
0.10
0.050

0.50
0.10
0.10
0.50
0.50
0.10
0.50
0.10
0.20

Final Volume (mL)

100

Cone. Of Stock Std
(mg/L)

20
5.0
1.0

0.50
50
1.0
1.0
5.0
50
1.0
1.0
50
5.0
1.0
5.0
1.0
2.0

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature.

ME70-Page 8 of 29 SAVANNAH LABORATORIES
t tHVIHONMCNHL SCHVICtS INC



ME70:06.19.98:6

8.4.3 Preparation of RL/PQL Stock C-ICP

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNO3) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volume of the stock standard given
in the following table to the volumetric flask:

Element

Potassium(K)

Cone, of Stock Std

10000

mL of Stock Std

1.0

Final Volume of Cal
Std

100

Cone. Of Stock Std

100

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.4.4 Preparation of the RL/PQL Check Solution-ICP

Add 200mL to 300mL of reagent water to a clean SOOmL volumetric flask. Add lOmL of concentrated nitric
acid (HNO3) and 50mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HN03 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

RL/PQL Stock
Stock A-ICP
Stock B-ICP
Stock C-ICP

mL of RL/PQL Stock
5.0
5.0
5.0

Final Volume(mL)
500

Dilute to a final volume of 500ml, with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.5 Preparation of the RL/PQL Check Standard for ICP-Trace

In addition to the solution prepared in 8.4.4, the following solution is prepared and analyzed to verify
performance on the TJA-Trace.

The RL/PQL Check standard is analyzed at the beginning and end of each analysis sequence as a check on the
sensitivity of the ICP. The elements in the RL/PQL Check standard must be detected. Note that there is an
additional standard for the ICP-Trace.

8.5.1 Preparation of RL/PQL Stock A-Trace

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNO3) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Arsenic (As)
Antimony(Sb)
Lead (Pb)
Selenium (Se)
Thallium (Tl)

Cone, of Stock Std

1000
1000
1000
1000
1000

mL of Stock Std

1.0
2.0

0.50
1.0
1.0

Final Volume (mL)

100

Cone, of Cal Std
(mg/L)

10
20
5.0
10
10

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature.
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8.5.2 Preparation of the RL/PQL Check Solution-Trace

Add 200mL to 300mL of reagent water to a clean SOOmL volumetric flask. Add 5.0ml of concentrated nitric
acid (HNOs) and 25mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

RL/PQL Stock
Stock A-Trace

mL of RL/PQL Stock
0.50

Final Volume(mL)
500

Dilute to a final volume of SOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.6 Preparation of the ICP Interference Check Solutions

These solutions are analyzed at the beginning and end of each analytical, as a check on the inter-element
correction factors.

8.6.1 Preparation of ICP Interference Check Solution A

Add lOOmL to 200mL of reagent water to a clean SOOmL volumetric flask. Add 5mL of concentrated nitric
acid (HNO3) and 25mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Aluminum (Al)
Calcium (Ca)
Magnesium (Mg)
Iron (Fe)

Cone. Of
Stock(mg/L)

10000
10000
10000
10000

mL of Stock Std

25
25
25
10

Final Volume(mL)

500

Cone.
(mg/L)

500
500
500
200

Dilute to a final volume of SOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.
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8.6.2 Preparation of ICP Interference Check Solution AB -ICP

Add lOOmL to 200mL of reagent water to a clean, amber 500mL volumetric flask. Add 5mL of concentrated
nitric acid (HNO3) and 25mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an
acid concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards
given in the following table to the volumetric flask:

Element

Aluminum (Al)
Calcium (Ca)
Magnesium (Mg)
Iron (Fe)
Silver (Ag)
Cadmium (Cd)
Nickel (Ni)
Lead (Pb)
Zinc (Zn)
Barium (Ba)
Beryllium (Be)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Manganese (Mn)
Vanadium (V)
Arsenic (As)
Selenium (Se)
Molybdenum (Mo)
Thallium (Tl)
Antimony (Sb)
Tin (Sn)

Cone, of
Stock(mg/L)

10000
10000
10000
10000

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

mL of Stock

25
25
25
10

0.50
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.50
0.50

Final
Volume (tnL)

500

Cone, of
Std (mg/L)

500
500
500
200
1.0
1.0
1.0
1.0
1.0

0.50
0.50
0.50
0.50
0.50
0.50
0.50
1.0
1.0
1.0
1.0
1.0
1.0

Dilute to a final volume of SOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.
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8.6.3 Preparation of ICP Interference Check Solution AB -Trace

Add lOOmL to 200mL of reagent water to a clean, amber 500mL volumetric flask. Add 5mL of concentrated
nitric acid (HNOa) and 25mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an
acid concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards
given in the following table to the volumetric flask:

Element

Aluminum (AJ)
Calcium (Ca)
Magnesium (Mg)
Iron (Fe)
Silver (Ag)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Manganese (Mn)
Nickel (Ni)
Lead (Pb)
Antimony (Sb)
Selenium (Se)
Thallium (Tl)
Vanadium (V)
Zinc (Zn)
Molybdenum (Mo)
Tin (Sn)

Cone, of
Stock(mg/L)

10000
10000
10000
10000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

mL of Stock

25
25
25
10

0.50
0.050
0.25
0.25
0.50
0.25
0.25
0.25
0.25
0.50
0.025
0.30
0.025
0.050
0.25
0.50
0.50
0.50

Final
Volume (mL)

500

Cone, of I
Std (mg/L)

500
500
500
200
1.0

0.10
0.50

. 0.50
1.0

0.50
0.50
0.50
0.50
1.0

0.050
0.60
0.050
0.10
0.50
1.0
1.0
1.0

Dilute to a final volume of 500mL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.7 Preparation of the ICP Matrix Spiking Solutions

8.7.1 ICP Matrix Spiking Solution 1 is a solution purchased from SPEX. Table 5 lists the components of SPEX
SPIKE 1. Store this soludon at room temperature. Prepare this solution every six months or sooner if needed or
required.
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8.7.2 Preparation of the ICP Matrix Spiking Solution 2

Add 20mL to 30mL of reagent water to a cleanlOOmL volumetric flask. Add ImL of concentrated nitric acid
(HN03) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock staridards given
in the following table to the volumetric flask:

Element

Boron (B)
Calcium (Ca)
Magnesium (Mg)
Molybdenum (Mo)
Potassium (K)
Sodium (Na)
Strontium (Sr)
Tin (Sn)

Cone, of Stock
(mg/L)
1000

10000
10000
1000

10000
10000
1000
1000

mL of Stock

10
5.0
5.0
5.0
5.0
5.0
5.0
10

Final Volume (mL)

100

Cone. ofStd. (mg/L)

100
500
500
50

500
500
50
100

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.8 Preparation of the IDL/MDL-ICP Solution

The IDL/MDL solution is used in this procedure for two purposes:

1) To determine the Instrument Detection Limit (IDL) of each target compound on a quarterly basis; and
2) To determine the Method Detection Limit (MDL) of each target compound as defined in SL SOP

CA90.

8.8.1 Preparation of IDL/MDL Stock A-ICP

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNOs) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Silver (Ag)
Arsenic (As)
Cadmium (Cd)
Copper (Cd)
Nickel (Ni)
Lead (Pb)
Selenium (Se)
Thallium (Tl)

Cone, of Stock
(mg/L)
1000
1000
1000
1000
1000
1000
1000
1000

mL of Stock

0.10
1.0

0.10
0.10
0.20
0.40
1.0
1.0

Final Volume (mL)

100

Cone, of Std. (mg/L)

1.0
10
1.0
1.0
2.0
4.0
10
10

Dilute to a final volume of 1 OOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.
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8.8.2 Preparation of IDL/MDL Stock B-ICP

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HN03) and 5mL of hydrochlonc acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Aluminum (Al)
Boron (B)
Barium (Ba)
Beryllium (Be)
Calcium (Ca)
Cobalt (Co)
Chromium (Cr)
Iron (Fe)
Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Antimony (Sb)
Strontium (Sr)
Tin (Sn)
Vanadium (V)
Zinc (Zn)

Cone, of Stock
(mg/L)
10000
1000
1000
1000

10000
1000
1000

10000
10000
1000
1000
1000
1000
1000
1000
1000

mL of Stock

0.10
0.25
0.040
0.010
0.050
0.10
0.10
0.020
0.050
0.020
0.20
0.50
0.050
0.50
0.10
0.20

Final Volume (mL)

100

Cone, of Std. (mg/L)

10
2.5

0.40
0.10
5.0
1.0
1.0
2.0
5.0

0.20
2.0
5.0

0.50
5.0
1.0
2.0

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.8.3 Preparation of IDL/MDL Stock C-ICP

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNOj) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Potassium (K)
Sodium (Na)

Cone, of Stock
(mg/L)
10000
10000

mL of Stock

1.0
0.10

Final Volume (mL)

100

Cone, of Std. (mg/L)

100
10

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.
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8.8.4 Preparation of the IDL/MDL Check Solution-ICP

Add 200mL to 300mL of reagent water to a clean lOOOmL volumetric flask. Add 1 OmL of concentrated nitric
acid (HNO3) and 50mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

IDL/MDL Stock
Stock A-ICP
Stock B-ICP
Stock C-ICP

mL of RL/PQL Stock
10
10
5.0

Final Volume(mL)
1000

Dilute to a final volume of lOOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

The IDL/MDL-ICP Check Solution contains the following elements at the given concentrations:

Element
Be
Mn
Ba
Sr
Ag, Cu, Co, V, Cd, Cr
Fe, Mo, Zn, Ni
B
Pb
Ca, Mg, Na, Sn, Sb
Al, As, Se, Tl
K

Concentration(mg/L)
0.0010
0.0020
0.0040
0.0050
0.010
0.020
0.025
0.040
0.050
0.10
0.50

8.9 Preparation of the IDL/MDL-Trace Solution

The IDL/MDL solution is used in this procedure for two purposes:

1) To determine the Instrument Detection Limit (IDL) of each target compound on a quarterly basis; and
2) To determine the Method Detection Limit (MDL) of each target compound on an annual basis.
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8.9.1 Preparation of IDL/MDL Stock A-Trace

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNO3) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Silver (Ag)
Arsenic (As)
Barium (Ba)
Beryllium (Be)
Cadmium (Cd)
Lead (Pb)
Antimony (Sb)
Selenium (Se)
Thallium (Tl)

Cone, of Stock
(mg/L)
1000
1000
1000
500
1000
1000
1000
1000
1000

mL of Stock

0.040
0.20
0.020
0.010
0.040
0.10
0.20
0.20
0.20

Final Volume (mL)

100

Cone. ofStd. (mg/L)

0.40
2.0

0.20
0.050
0.40
1.0
2.0
2.0
2.0

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.9.2 Preparation of IDL/MDL Stock B-Trace

Add 20mL to 30mL of reagent water to a clean lOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNO3) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Manganese (Mn)
Molybdenum (Mo)
Nickel (Ni)
Tin (Sn)
Vanadium (V)
Zinc (Zn)

Cone, of Stock
(mg/L)
1000
1000
1000
1000
1000
1000
1000
1000
1000

mL of Stock

0.030
0.10
0.10
0.020
0.040
0.10
0.20
0.060
0.10

Final Volume (mL)

100

Cone, of Std. (mg/L)

0.30
1.0
1.0

0.20
0.40
1.0
2.0

0.60
1.0

Dilute to a final volume of 1 OOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.
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8.9.3 Preparation of IDL/MDL Stock C-ICP

Add 20mL to 30mL of reagent water to a cleanlOOmL volumetric flask. Add ImL of concentrated nitric acid
(HNO3) and 5mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HN03 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

Element

Aluminum (Al)
Calcium (Ca)
Iron (Fe)
Magnesium (Mg)
Potassium (K)
Sodium (Na)

Cone, of Stock
(mg/L)
10000
10000
10000
10000
10000
10000

mL of Stock

0.20
0.10
0.10
0.10
0.20
0.040

Final Volume (mL)

100

Cone. ofStd. (mg/L)

20
10
10
10
20
4.0

Dilute to a final volume of lOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

8.9.4 Preparation of the IDL/MDL Check Solution-Trace

Add 200mL to SOOmL of reagent water to a clean lOOOmL volumetric flask. Add lOmL of concentrated nitric
acid (HNOa) and 50mL of hydrochloric acid (HC1) to the volumetric flask. The standard will have an acid
concentration of 1% HNO3 and 5% HC1 when diluted to volume. Add the volumes of the stock standards given
in the following table to the volumetric flask:

IDL/MDL Stock
Stock A-Trace
Stock B-Trace
Stock C-Trace

mL of RL/PQL Stock
5.0
5.0
5.0

Final Volume(mL)
1000

Dilute to a final volume of lOOOmL with reagent water. Store the standard at room temperature. Prepare this
solution every six months or sooner if needed or required.

The IDL/MDL-Trace Check Solution contains the following elements at the given concentrations:

Element
Be
Ba,Mn
Co
Ag, Cd, Mo
V
Cr, Cu, Ni, Pb, Zn
As, Sb, Se, Sn, Tl
Na
Ca, Fe, Mg
A1.K

Concentration(mg/L)
0.00025
0.0010
0.0015
0.0020
0.0030
0.0050
0.010
0.020
0.050
0.10
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8.10 Preparation of the Linearity Check Solutions

The linearity check solutions are prepared individually according to the following equation:

E7c0C/c
S~ Cs

where
Vs = volume of stock standard (mL)
Cs = concentration of stock standard (mg/L)
Vie = volume of linearity check standard to prepare (mL)
Clc = concentration of linearity check standard to prepare (mg/L)

The linearity check solutions are prepared at the concentrations specified in Table 1. Prepare sufficient volume
to perform the linearity check, maintaining the hydrochloric acid concentration at 5% by volume and the nitric
acid concentration at 1 % by volume.

9.0 SAMPLE PREPARATION

The sample preparation and digestion procedures are listed in the following SOPs:

MATRIX
Aqueous and leachate samples
Soils and Sediments
Wastes and oils

SLSOP
ME50
ME51
ME51

10.0 ANALYSIS PROCEDURE

10.1 Calibration/Standardization of the ICP

10.1.1 Initial Calibration/Standardization

10.1.1.1 The ICP is turned on and allowed to become thermally stable before beginning to analyze the calibration
standards. It will take about an hour for the instrument to warm up. If optics were turned off allow 2 hours
warm up time.

10.1.1.2 Radial plasma ICP: A 1 OOOmg/L Yttrium standard is aspirated into the plasma and the flow of the argon into
the plasma is adjusted. The "red flame tongue" inside the plasma should be at the same height as the glass
cylinder surrounding the torch at the proper argon flow. The argon flow will be about 0.6 L/minute. As the
nebulizer ages, the flow may have to be increased or the nebulizer cleaned/replaced.

10.1.1.3 Mirror adjustment-for ICPs equipped with "D-shaped" mirror. This will entail a horizontal profile of the "D"
shaped mirror using the manual profile program maximizing for intensity.

10.1.1.4 Run the "Automatic Profile" program. The "automatic profile" of the instrument should be checked twice a day
to compensate for changes in air pressure, humidity, and temperature. If the environment of the instrument is
such that daily changes in the instrument profile are extreme, the instrument should be "profiled" every few
hours.

10.1.1.5 Analyze the calibration standards and calibrate the ICP. If using a multi-point calibration, use the
Calibration/Analysis and Curvefit programs to calibrate the instrument
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10.1.1.6 The highest concentration calibration standard is reanalyzed after the instrument is standardized as an
"unknown". The results for the re-analysis of the highest concentration calibration standard must be within +/-
5% of the true value for each target analyte.. If the result for any target analyte is outside of this range, the ICP
may need to be "profiled" and the standardization/calibration repeated.

10.1.1.7 The QC Check standards (ICV) and the Calibration Blank (ICB) are analyzed as a check on the instrument
calibration.

10.1.1.7.1 (EPA Method 6010) The results for the target compounds in the initial calibration verification (ICV)
must be within the +/- 10 % of the true value.

10.1.1.7.2 (EPA Method 200.7) The results for the target compounds in the initial calibration verification (ICV)
must be within the +/-5.0 % of the true value. When performing 200.7 work, note that this solution
should be prepared fresh weekly.

10.1.1.7.3 (EPA 6010/200.7) The results for the target compounds in the initial calibration blank (ICB) must be
less than the COMPQAP Table 5 Reporting Limit (RL).

10.1.1.8 The RL/PQL Check Solution is analyzed. The results for the analysis of the RL/PQL Check solution are not
checked against a set of criteria but is analyzed to demonstrate that the ICP is capable of detecting the target
compounds at or near the reporting Limit (RL).

10.1.1.9 The ICP Interference Check Sample is analyzed.

10.1.2 Continuing Calibration

10.1.2.1 The calibration of the ICP must be verified every 10 samples by the analysis of the analysis of the QC Check
Solutions (CC V) and the Calibration Blank (CCB).

10.1.2.1.1 (EPA Method 6010/200.7-DW) The results for the target compounds in the continuing calibration
verification (CCV) must be within the +/-10 % of the true value.

10.1.2.1.2 (EPA Method 200.7-NPDES) The results for the target compounds in the continuing calibration
verification (CCV) must be within the +/-5.0 % of the true value.

10.1.2.1.3 (EPA 6010/200.7) The results for the target compounds in the continuing calibration blank (CCB)
must be less than the Reporting Limit (RL).

10.1.2.2 ICP Interference Check Solution and the RL check solution are analyzed at the beginning and end of each
analytical sequence.

10.2 Sample Analysis

10.2.1 The samples are analyzed only after the ICB/CCB and 1CV/CC V criteria are met.
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1 0.2.2 The samples are analyzed in a sequence as follows:

INSTRUMENT WARM-UP
ARGON FLOW ADJUSTMENT- lOOOmg/L Yttrium (Y)
MIRROR ADJUSTMENT
PROFILE
INITIAL CALIBRATION (STANDARDIZATION/C4Z./5rt4770JVOF THE ICP)
REANALYSIS OF HIGH CONCENTRATION CALIBRATION STANDARD AS A SAMPLE
INITIAL CALIBRATION VERIFICATION (ICV)
INITIAL CALIBRATION BLANK (ICB)
DETECTION LIMIT CHECK SOLUTION
ICP INTERFERENCE CHECK SOLUTION A (ICSA)
ICP INTERFERENCE CHECK SOLUTION AB (ICSAB)
CONTINUING CALIBRATION VERIFICATION (CCV)
CONTINUING CALIBRATION BLANK (CCB)
10 SAMPLES
CONTINUING CALIBRATION VERIFICATION (CCV)
CONTINUING CALIBRATION BLANK (CCB)
10 SAMPLES
CCV
CCB
10 SAMPLES
CCV
CCB
10 SAMPLES
CCV
CCB

The analytical sequence must end with the analysis of the detection limit check standard, ICSA, ICSAB,
CCV and CCB. The 10 samples include all QC samples/standards with the exception of CCVs and CCBs.

10.2.3 Determine the concentration of the samples and QC items using the procedures of Section 1 1 .

10.2.3. 1 If the concentration of a sample is above the linear range of the ICP, the sample digestate must be diluted and
reanalyzed.

10.2.3.2 The amount of sample digestate needed to prepare the desired dilution is determined form the following
equation:

DF
where
VfTOi = final volume of diluted sample (mL)

= volume of sample digestate used to make the dilution (mL)
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10.2.3.3 The dilution factor is calculated as follows:

DF =
digest

where
Vfvoi = final volume of diluted sample extract (mL)

= volume of sample extract used to make the dilution (mL)

NOTE: The following examples are based on a final volume of lOOmL. It may be more convenient to prepare
dilutions at smaller final volumes.

EXAMPLE
A sample digestate is analyzed and one of the target analytes exceeds the linear range of the ICP. 1 .OmL of the
digestate is added to a lOOmL volumetric flask and the extract brought up to volume with reagent water. What
is the dilution factor?

lOOmL
DF = — — - = 100I. OmL

Dilutions are prepared in reagent water containing 5% hydrochloric acid and 1% nitric acid by volume.

Some samples may require multiple dilutions; that is, a dilution of a dilution will have to be made. In this case,
the final dilution factor is the product of the individual dilutions.

10.3 Dilution QC Check

A dilution is prepared and analyzed on one sample per batch to determine if matrix interferences are present.

10.3.1 Select a sample digestate that contains one or more target analytes at a concentrations greater than 1 OX the
reporting limit.

10.3.2 Dilute the digestate by a factor of 5 (DF=5) and analyze the dilution using the same procedures used
for the un-diluted aliquot.

10.3.3 Compare the results of the diluted and un-diluted aliquots of sample digestate.

10.3.4 If the results of the dilution are within + 10% of the results of the undiluted sample, no matrix interference is
present. If the results differ by greater than than + 10%, a matrix interference should be suspected and the
sample digestate should be subjected to a post-digestion spike (see section 10.4).

If the concentration of the analyte in the sample is not at least 50 times the instrument detection limit, evaluate
the post-digestion spike.

1 0.4 Post-digestion Spike QC Check
A post-digestion spike is performed on one sample per analytical batch to determine if matrix interferences are
present. This post-digestion spike is evaluated if the serial dilution fails or if the analyte concentration is not at
least 50 times the instrument detection limit. This should be the same sample selected for dilution in 10.3,
above.

1 0.4. 1 Transfer 1 OmL of a digestate to a suitable vial.
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10.4.2 Spike the sample with 0. lOmL of ICP Matrix Spike I and O.lOmL of ICP Matrix Spike U. The
theoretical concentration of the post digestion spike is the same as the LCS or MS if the volume of
spiking solution is discounted.

1 0.4.3 Analyze the spiked aliquot and an un-spiked aliquot (the un-spiked may have been analyzed previously and
does not need to be reanalyzed).

1 0.4.4 Calculate the percent recovery of the post digestion spike:

%REC = C2

s xlOO

where
Cps = concentration of post digestion spike (ug/L)
Cs = concentration of un-spiked sample (ug/L)
C2 = theoretical concentration of spike (ug/L)

(See 10.2.5.2)

10.4.5 Evaluate the recovery using the following decision matrix. Limits for post digestion spikes are 75-125%
recovery.

Result of Post Digestion Spikes

Within 75-125% limits

> 125% recovery

<75% recovery but >50% recovery

<50% recovery

Note:

Action

None

Repeat analysis.
Remake spiking solutions, re-spike, and
reanalyze.
Reanalyze un-spiked sample

Analyze all associated samples by single
point method of standard addition and
quantify by using MSA or qualify all
associated samples on report

Dilute digestate and repeat spike.
Treat all samples associated with spike in
the same manner as the spiked sample (i.e.,
spike or dilute samples)
If recoveries are not 75-125%, analyze all
associated samples by single point MSA.
Note - high level of target analytes may
inhibit spike recovery. Consult the
supervisor in events where high levels of
targets appear to be interfering

The >50% recovery of the post digestion spike is a benchmark below which samples may be biased
high.

10.4.6 The post digestion spike and the method of standard additions must not be applied to samples analyzed at a
dilution that produces a significant negative response. The analyst must use good judgement when evaluating
data where the sample response is negative. Where a significant negative response is present, the digestate
should be diluted and reanalyzed to determine the extract of the matrix interferences.
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10.5 Single Point Method of Standard Additions

Two identical aliquots of the sample digest, Vx, are taken. One aliquot is spiked with a solution of known
concentration, Cs. The second aliquot is analyzed un-spiked (the small volume of standard added to the spiked
sample should be disregarded). The concentration of both aliquots are measured and the sample concentration,
Cx, is calculated:

S3V,C,

where
Si = absorbance or concentration of the spiked aliquot
Sj = absorbance or concentration of the un-spiked aliquot
Vs = Volume of spike solution

Example: Sample concentration (S2): 523 ug/L.
Spike solution concentration (C.): 50,000 ug/L
Volume of spike solution (V.): 0.1 OmL
Volume of sample aliquots (VJ: 1 OmL
Spiked sample concentration (Si): 951 ug/L

Cx= [(523)*(0.10)*(50,000)]/[(951-523)* 10)] = [2,615,000]/[4280] = 611 ug/L

11.0 DATA ANALYSIS/CALCULATIONS

11.1 Aqueous and Leachate Samples

Aqueous samples are routinely reported in mg/L while the ICP is routinely calibrated in ug/L. If the
results are reported in ug/L, the conversion factor is omitted from the calculation.

11.1.1 The concentration of the target analyte in liquid samples is calculated as follows:

F Ifj<fConcentration (mg/L) = ug/L(from printout) x — x DF ® ——-—
V 1QQQug

where
F = final volume of the sample digestate (L)-usually 50mL (0.050L)
V = volume of sample digested (L)
DF = dilution factor

11.1.2 The Reporting Limit (RL) of the target analyte in liquid samples is calculated as follows:

Concentration(mg/L) = RLqap ® —B • V
where

RLqap = reporting limit from SL QAP (ug/L)
F = final volume of the sample digestate (L)
V= volume of sample digested (L)
DF = dilution factor

lOOOwg

The CQAP Reporting Limits assumes:
F = 50mL V = 50mL DF=1
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1 1 .2 Soil/Solid Samples

Soils and solids are routinely reported in mg/kg while the ICP is routinely calibrated in ug/L. If the
results are reported in ug/kg, the conversion factor is omitted from the calculation.

11.2.1 The concentration of the target analyte in soil and solid samples is calculated as follows:

F IJHJ?Concentration(mg/kg,dw) = ug/L(from printout) ® —————— ® DF ® —— —
W <8> solids 1 OQQug

where
F = final volume of the sample digestate (L)
W = volume of sample digested (kg)
DF = dilution factor
solids = decimal equivalent of the percent solids (percent solids/100)

For example, if the percent solids is 85%, the decimal equivalent is 0.85; if the %solids is 100%, the
decimal equivalent is 1 .0.

11.2.2 The Reporting Limit (RL) of the target analyte in soil/solid samples is calculated as follows:

Concentration(mg/kg,dw) =( s s, ;

where
RLqap = reporting limit from Table 5, SL COMPQAP
W = weight of sample digested (kg)
F = final volume of the sample digestate (L)
V = volume of sample digested (L)
DF = dilution factor
solids = decimal equivalent of the percent solids (percent solids/100)

The SL COMPQAP Table 5 Reporting Limits assumes

F =0.100L(100mL)
DF=1
W = 0.0010kg (l.Og)
solids = 1 .0
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12.0 QUALITY ASSURANCE /QUALITY CONTROL

12.1 SL SOP AN02: Analytical Batching, Table 13.1 of the SL QAP, and the SOP Summary provide guidance on
evaluating QC and sample data.

12.2 The method detection limit (MDL) is determined annually in accordance with SL SOP CA90. The
concentrations of the DDL and MDL solutions are given in Section 8 of this SOP.

12.3 Determination of the Instrument Detection Limit (TDL)

The difference between the MDL and the DDL is the digestion step. The MDL samples are prepared and
digested prior to analysis. The DDL is defined as three times the standard deviation of seven replicate analyses
analyzed over three non-consecutive days. The concentrations of the IDL and MDL solutions are given in
Section 8 of this SOP.

12.4 For instrument calibration, if any fit, other than linear, is utilized for the calibration of the ICP (i.e., Curvilinear
or Full Fit) the upper limit of the linear range is the concentration of the High Standard.

13.0 TROUBLESHOOTING
No items in this revision.

14.0 PREVENTIVE MAINTENANCE
See Section 10 of the current SL QAP.

15.0 REFERENCES

15.1 Savannah Laboratories' Comprehensive Qualify Assurance Plan, and Savannah Laboratories Corporate
Quality Assurance Plan, current revisions.

15.2 Methods for Chemical Analysis of Water and Waste, U.S EPA Office of Research and Development:
Cincinnati, OHIO, March 1983.

15.3 Test Methods for Evaluating Solid Waste, ThirdEdition, U.S. EPA Office of Solid Waste and Emergency
Response: Washington, D.C., November 1986.

15.4 Methods for the Determination of Metals in Environmental Samples, US EPA Office of Research and
Development. Washington, DC.
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METHOD SUMMARY - ICP ANALYSIS

HOLD/STORAGE

Container

Preservative

Storage

Hold Time

Minimum 250mL plastic bottle with plastic or Teflon-lined lid

HNO3 to pH <2 in the field. If dissolved metals are required, filter the samples before
preservation.

Liquids preserved to pH <2 may be stored at room temperature until preparation. Solid
samples must be stored at 4C (less than 6C but not frozen) until preparation.

Samples may be held for up to six months from the time of collection.

SAMPLE PREPARATION
Samples should be prepared with the appropriate matrix-specific procedure.

ANALYTICAL SEQUENCE

Ignite Plasma

Check viewing
height

Check horizontal
(mirror) profile

Profile
Instrument

Initial Calibration

Initial Calibration
Verification
(ICV/ICB)

Continuing
Calibration
Verification
(CCV/CCB)

Interference
Check Solutions

Detection limit
check solution

Serial Dilution
Post Digestion
Spike Recovery.

Follow instrument manufacturer's guidelines and allow instrument to stabilize for at least 60
minutes.

If applicable to instrument aspirate 1 000 ppm yttrium std. and make sure the yttrium "tongue" is
set to be at the top of the outer cylinder of the torch to 1 - 2 mm above the torch.

Verify horizontal profile is maximized according to instrument manufacturer's recommended
procedure.

Record the profile intensity and the caliper reading so that instrument drift can be monitored.

Calibrate with a blank and a high standard or a blank and three standards. Verify calibration by
reanalyzing high standard.

Analyze an initial calibration verification solution at the beginning of the run. ICV solution must
come from a source other than the calibration standard source. Analyze a calibration blank after
the ICV.

Analyze a standard with concentrations at or near mid-range levels of the calibration. The CCV
should be analyzed every 10 samples and at the end of the analysis run Analyze a continuing
calibration blank after every CCV.

At the beginning and the end of an analysis run, verify the inter-element and background
corrections by analyzing the interferent check solutions (ICSA & ICSAB).

At the beginning and the end of an analysis run and verify the accuracy at the PQL by analyzing
a solution at the SL PQL

For new or unusual matrices, perform serial dilution (1/5) on a representative sample.
To check for possible matrix interference, analyze a post digestion spike on a representative
sample (minimum of 1 per batch). The post-digestion spike is evaluated if the serial dilution
fails or if the analyte concentradon in the sample is not at least 50 times the instrument detection
limit.
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QC Item
Initial Calibration
Initial Calibration: Multi-point-
minimum 3 stds and 1 blank
Highest Standard

Initial Calibration Verification
Standard (ICV)
Continuing Calibration Verification
Standard (CCV)

Calibration Blank (ICB/CCB)

Interference check standards
(ICSA/ICSAB)

Lab control sample

Preparation blank - SW846

Preparation blank - 200.7

MS/MSD - SW846

1/5 Dilution

Post Digestion Spike

Detection Limit Check Solution

Frequency
Daily
Daily

Immediately after every calibration

At the beginning of the analysis

At the beginning and end of the
analysis, and every 10 samples

After ICV and every CCV

At the beginning and end of an
analysis run

One per batch of twenty samples or
less
One per batch of twenty samples or
less
One per batch of twenty samples or
less
One set per batch of twenty samples
or less
One per batch of twenty samples or
less
One per batch of twenty samples or
less
At the beginning and end of an
analysis run

Criteria
1 std. and 1 blank
Correlation >0.995

Recoveries within ± 5% of expected
values
SW846 = within ±10%
200.7 = within ± 5%
Within ±10% of the true value,
200.7-NPDES - within ± 5%
200.7-Drinking Water - within ±10%
Absolute value of the calibration
blank must be less that the
PQL/CRDL
Determined values must be within ±
20% of the true values. Pay attention
to false positives and false negatives
for elements not present in the
solutions.
6010B:SLQAP
200.7: 85-115%
(result) <PQL or result <5% of the
analyte level in the sample.
|result| <CRDL/PQL or result < 10%
of the analyte level in the sample
SLQAP

See section 10.3.4

See section 10.4.5

Detection

Corrective Action

Recalibrate

New initial calibration

Recalibrate

Terminate the analysis, fix the
problem and reanalyze the previous
10 samples
Terminate the analysis, correct the
problem and reanalyze the previous
10 samples
Terminate the analysis, correct the
problem, recalibrate, and reanalyze all
samples since the last ICS that was in
control.

Redigesl and reanalyze batch

Redigest and reanalyze batch

Redigest and reanalyze batch

Flag and report data

Stop the analysis, fix the problem and
reanalyze the affected samples.

0)r
9 2
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TARI.IT 1

Element

Aluminum (Al)

Antimony (Sb)

Arsenic (As)

Barium (Ba)

Beryllium (Be)

Boron (B)

Cadmium (Cd)

Calcium (Ca)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Iron (Fe)

Lead (Pb)

Lithium (Li)

Magnesium (Mg)

Manganese (Mn)

Molybdenum (Mo)

Wavelength
(nm)

308.215

206.838

189.042
193.696

493.409

313.042

249.678

226.502
228.802

317.933
315.887

267.716

228.616

324.754

259.940
271.441

220.353

279.079

257.610

202.030

Calibration
Cone. (mg/L)

10

10

1.0

10

1.0

10

1.0

10

10

1.0

10

10

1.0

10

10

1.0

ICV/CCV Cone.
(mg/L)

1.0/5.0

1.0/0.50

1.0/0.50

1.0/5.0

1.0/0.50

1.0/5.0

1.0/5.0

1.0/5.0

1.0/5.0

1.0/0.50

1.0/5.0

1.0/5.0

1 .0/0.50

1.0/5.0

1.0/5.0

1.0/0.50

RL Std. Cone.
(mg/L)

ICP/Trace

0.20/0.20

0.050/0.020

0.10/0.010

0.010/0.010

0.0050/0.0050

0.050

0.0050/0.0050

0.50/0.50

0.0 10/0.0 10

0.010/0.010

0.025/0.025

0.050/0.050

0.050/0.0050

0.50/0.50

0.010/0.010

0.010/0.010

Linear Range Std.
Cone. (mg/L)*

ICP/Trace

750/800

50/10

50/25

100/10

30/10

100

30/10

1000/800

100/25

100/25

100/50

800/800

100/5

1000/1000

100/50

50/50

MATRIX SPIKE CONC. (mg/L)

Water (mg/L)

2.0

0.50

2.0

2.0

0.050

1.0

0.050

5.0

0.20

0.50

0.25

1.0

0.50

5.0

0.50

0.50

Soil (mg/kg)

200

50

200

200

5.0

100

5.0

500

20

50

25

100

50

500

50

50

(0r
Si
II
ISsg
a
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TABLE 1

Element

Nickel (Ni)

Phosphonis(P)

Potassium (K)

Selenium (Se)

Silica (SiOj)

Silver (Ag)

Sodium (Na)

Strontium (Sr)

Thallium (Tl)

Tin (Sn)

Titanium (W)

Vanadium (V)

Zinc (Zn)

Wavelength
(nm)

231.604

766.491

196.026

251.611

328.068

588.995

421.552

-189.042
190.801
377.572

189.989

292.402

213.856

Calibration
Cone. (mg/L)

5.0

20

10

10

1.0

10

10

10

10

10

5.0

ICV/CCV Cone.
(mg/L)

1.0/2.5

10/5.0

1.0/5.0

1.0/5.0

1.0/5.0

1.0/5.0

1.0/5.0

1.0/5.0

1.0/5.0

1.0/5.0

1.0/2.5

RL Std. Cone.
(mg/L)

ICP/Trace
0.040/0.040

1.0/1.0

0.10/0.010

0.50

0.010/0.010

0.50/0.50

0.010

0.50/0.010

0.050

0.010/0.010

0.020/0.020

Linear Range Std.
Cone. (mg/L)*

ICP/Trace
100/10

1000/50

50/25

100

30/5.0

1000/20

100

30/30

100/50

50/50

100/20

MATRIX SPIKE CONC. (mg/L)

Water (mg/L)
0.50

5.0

2.0

5.0

0.050

5.0

0.50

2.0

1.0

0.50

0.50

Soil (mg/kg)
50

500

200

500

5.0

500

50

200

100

50

50

0)r

*For guidance only-instrument sensitivity will vary.
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Approval
Signature:

' R. Wayne^bbbir/
Title: Corporate QA Manager ' D a t e :

RECEIPT, LOG NUMBER ASSIGNMENT, AND DISTRIBUTION OF FIELD SAMPLES

1.0 SCOPE AND APPLICATION

This SOP describes the routine procedures used for receiving samples into the lab and checking the integrity of
the samples, assignment of a sequential laboratory identification number to the samples in a given project, and
the distribution of the sample to the appropriate laboratory department.

2.0 SUMMARY OF METHOD

2.1 Upon arrival in the lab, the shipping containers are opened and inspected. The temperatures of the containers
are measured and recorded and the contents of the shipping containers are checked against the chain-of-custody
(COC) forms. If the integrity of the shipping containers or the sample containers has been compromised or if
there is a discrepancy between the COC and samples, an anomaly report is filed out by the sample receipt
custodian and the assigned project manager is notified. A sequential laboratory identification number is
assigned by division in order of sample receipt from the sample receipt registry. This number is recorded on
the COC and on each sample container for a given project The samples are distributed to the appropriate
laboratory department where samples are relinquished to the department and the preservation is checked by
departmental analysts. The samples are then properly stored until preparation and/or analysis.

2.2 Evidence of documentation of sample collection, shipment, laboratory receipt, and custody is accomplished
utilizing a chain-of-custody record (Figure 1). A sample is considered in custody if it is:

in actual possession of the sampler or transferee.
in view after being in physical possession of the sampler or transferee
sealed so that sample integrity will be maintained while in possession of the sampler or transferee.
in secured area restricted to authorized personnel.

The procedures of this SOP are in accordance with this definition of custody.

3.0 PROCEDURE

3.1 Safety

3.1.1 Do not perform any procedures that you do not understand or that will put you or others in potentially
dangerous situations.

3.1.2 Field samples may contain hazardous waste. Caution should be exercised when opening the coolers and
handling the sample containers. A strong odor from a cooler or sample container is most likely the only
indicator that the sample receipt personnel will have about the nature of the sample. The receiving area
supervisor and the safety officer should be immediately alerted to such samples and action taken to ensure that
the samples are handled safely.

3.1.3 Many of the samples received by the lab will contain preservatives. If contacted, these preservatives can bum
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unprotected skin or destroy unprotected clothing. Sample receipt personnel must wear a lab coat or apron, eye
protection, and latex gloves when handling coolers or sample bottles. Sample receipt personnel must be
familiar with the color codes system and the preservatives that are used in samples. The following table
includes information about the preservatives:

Sample Preservative Color Code System

Special sampling containers are designated for each analyses group in the laboratory. A preservative color-
code system is utilized to alert sampling teams, sample receiving personnel, and analysts handling the
containers as to which preservative was added to stabilize the sample during shipment and storage. The color-
coded preservative system is as follow:

PRESERVATIVE COLOR CODE KEY

RED CAUTION! STRONG OXTOIZER! CONTAINS NITRIC ACID. AVOID skin and eye
contact If contact is made, FLUSH IMMEDIATELY with water.

GREEN CAUTION! CONTAINS SULFURIC ACID. AVOID skin and eye contact If contact is
made, FLUSH IMMEDIATELY with water.

BLUE CAUTION! STRONG CAUSTIC! CONTAINS SODIUM HYDROXIDE. AVOID skin
and eye contact If contact is made, FLUSH IMMEDIATELY with water.

TAN Contains Zinc Acetate. AVOID skin and eye contact. If contact is made, FLUSH
IMMEDIATELY with water.

YELLOW Contains Sodium Thiosutfate. Sterilized container.

LT. BLUE CAUTION! CONTAINS HYDROCHLORIC ACID! AVOID skin and eye contact. If
contact is made, FLUSH IMMEDIATELY with water.

3.2 Sample Collection, Preservation, and Handling

Samples should be checked and distributed to the appropriate department as soon as possible. Short hold time
parameters (Figure 2) and samples with RUSH status should be given priority for distribution.

3.3 Apparatus and Materials

Thermometer or measuring device calibration checked against a NIST-certified thermometer in accordance
with SL SOP AN55:Laboratory Thermometer Calibration.

CU01-Page2oflO
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3.4 Receipt of Samples
The process of receiving samples into the lab and taking custody of the samples is a dynamic process.
Some procedures listed in this section may be performed concurrently, although listed in different
subheadings. Coolers may arrive in the lab via common courier (Federal Express, UPS, etc.), via client
delivery, via courier, or via SL field crew. It may be beneficial (but not required) to record the tracking
numbers of samples received via common courier.

NOTE: The lab may be requested by some clients to use a checklist that documents the receipt of samples.
Sample receipt personnel must be aware of these client-specific requests.

NOTE: Foreign soils must be handled in accordance with SL SOP AN80: Sterilization of Foreign Soils
Each foreign soil container must have a fluorescent green sticker reading affixed to the outside that reads
"FOREIGN SOIL - STERILIZE BEFORE DISPOSAL".

3.4.1 Inspect the general condition of the coolers. Coolers with custody seal should be checked to ensure that the
seal is in place. All coolers should be inspected for signs of tampering and damage. If the custody seal has
been compromised or if signs of damage or tampering are evident, the assigned project manager should be
notified immediately and the situation noted in an anomaly report (Figure 3).

3.4.2 Coolers that are known to contain RUSH status samples and/or samples with short hold times (Figure 2)
should be checked first Open the coolers and inspect the general condition of the contents. It is a good
practice to work on the coolers on a project-by-project basis to minimize the time that samples remain at room
temperature conditions.

Upon receipt, check the coolers for:
sample container temperature
the presence of a chain-of-custody form.
the presence of broken or damaged containers
containers with no labels or labels that are not legible
sample containers suspected of being radioactive or as required by a specific program will be
screened using a Ludlum Survey Meter (Model #3) and the results recorded in the sample registry.

3.4.2.1 Determine the temperature of the samples by measuring the temperature of the "temperature bottle" (usually a
100ml plastic vial filled with water). Allow the temperature device to equilibrate (not to exceed one minute)
and record the temperature on the sample registry (Figure 4). If the temperature is not <6C with no frozen
samples, the assigned project manager must be notified and an anomaly report must be filled out

NOTE: The acceptance temperature for coolers is less than 6C with no frozen samples. This criteria replaces
the previous criteria of 4C +/- 2C. This criteria is used as the default criteria for the generation of an anomaly
report. Some states, programs, and clients may specify other acceptance criteria

If a temperature bottle is not included in the cooler, determine the temperature of the samples by inserting a
thermometer between one sample container and the bubble-pack. If the samples are not wrapped in bubble-
pack, wrap the sample with bubble-pack and insert the thermometer between the bubble-pack and the
container. Allow the thermometer to equilibrate for two minutes. Record the temperature on the sample
registry. If the temperature is not less than 6C with no frozen samples, the assigned project manager must be
notified and an anomaly report filled out The absence of a temperature bottle and the method of determining
the temperature must be recorded on the anomaly report

NOTE: To avoid compromising the integrity of the samples, sample contents/opened containers are not to be
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used for temperature checks unless written instructions are delivered to the receiving area prior to sample
receipt

3.4.2.2 If no COC has been included in the cooler or has not been sent with the project samples, the sample receipt
personnel must notify the assigned project manager and initiate a chain-of-custody using the SL form (Figure
1). This deficiency must be noted in an anomaly report.

3.4.2.3 If sample containers have been broken or damaged beyond use, the sample receipt personnel must notify the
assigned project manager and initiate an anomaly report

3.4.2.4 If the sample containers are not labeled or if the sample identification cannot be determined, the sample receipt
personnel must notify the assigned project manager and initiate an anomaly report

3.4.3 Assign a laboratory identification number (log number) to the project from the sample registry and record the
log number on the COC. The log number will be written or affixed to each sample in the project

3.4.4 Compare the contents of the cooler to the COC. If there is no discrepancy between the COC and the samples,
the COC is signed to indicate agreement If there are discrepancies between the COC and samples, notify the
assigned project manager and fill out an anomaly report

3.4.5 Fill out the sample registry (Figure 4). The sample registry and the COC or COC/anomaly report should agree
to the number and types of containers in a given project

3.4.7 Write or affix the log number on each sample container in the project

NOTE: Do not use a Sharpie pen in the receiving area. These pens contain volatiles which may contaminate
samples. A "Peel-off China Marker" (Faber Castell 2663) or equivalent "grease" pen may be used

3.5 After the samples have been checked and assigned a log number, distribute the samples to the appropriate
department The transfer of samples from the sample receipt personnel to the department is documented on the
Sample Internal Custody Log (Figure 5). Interdivisional sample custody is documented on the Remote Division
Sample Internal Custody Log (Figure 6).
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FIGURE 2 - ANALYSIS WITH EXPEDITED HOLDING TIME

Analysis

MBAS, surfactants

PCX, Orthophosphale

NO, - Nitrite

NO, - Nitrate

BOD/CBOD (Biochemical Oxygen Demand)

Turbidity

Fecal, Total Colifonn (Environmental)

Fecal, Total Colifonn (Drinking Water)

FecaL Streptococci

Sulfite

PH

Total Residual Chlorine

Color

Temperature

D.O. - Dissolved Oxygen

Free Liquid 9095 Method (Paint Filter)

Odor

SC (Specific Conductivity)

Sulfide

Hexavalent Chromium (Cr6+)

TDS/TSS/TS (Total Dissolved Solids, Total Suspended Solids,
Total Solids)

Ferrous Iron (Fe **)

Formaldehyde

Reactivity (Releasable Sutfide/Releasable Cyanide)

TedlarBags-EPA18

3030C Digestion (acid extractable)

Oxidation Reduction Potential (ReDox or ORP)

Delta Spread Plate Count

Heterotrophic Plate Count

Phenol Plate Count

Presence- Absence Coliform

MNO-MUG

Unpreserved VOC (no blue dot)

603/8030 (Acrolein/Acrylonitrile)

Holding Tim*

48 hours

48 hours

48 hours

48 hours

48 hours

48 hours

6 hours

30 hours

6 hours

Do immediately

Do immediately

Do immediately

48 hours

Do immediately

Do immediately

48 hours

6 hours

24 hours

7 days

24 hours

7 days

24 hours

24 hours

As soon as possible

72 hours

72 hours

Do immediately

6 hours

6 hours

6 hours

6 hours

6 hours

7 days

3 days

Matrii

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Water

Semi-solid

Water

Water

Water

Water

Water

Water

Water

Water/Solid

Air

Water

Water/Solid

Water/Solid

Water/Solid

Water

Water

Water

Water

Water
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FIGURES

ANOMALY REPORT

Dare: ~" Log#: Sample ID:

Depc __ EX CE __ LC __ ME __ RA
Analysis:

__ CU __ SO __ SM __ VG __ VM __ AI

Client

Reported by:

Anomaly:
O Sample matrix is different man indicated by log-in. Lotted in as Best described a

Water Water
Soil Non-aqueous liquid
Oil Soil

Sludge
Oil
Product
Other

O Sample received in an incompatible sample container. floss plastic other

D MS/MSD failed while the LCS/LCSD passed criteria, for a drinking water parameter. Method indicates data flagging.
O Target analyte(s) detected in drinking water sample. (Describe below)
G Sample exhibits gross non-homogeneity. (Describe below)
D Insufficient sample received for analysis.
D Data flag may be needed. Discuss with DM/LM before reporting.
Other

Custody: 'ALWAYS ATTACH A COPY OF COC WITH HIGHLIGHTED DEFICIENCY
O Sample description discrepancy between COC & Container D Custody seals broken
D Sample container breakage D Incomplete COC
Q Cooler temp >€*C or frozen D Sample container partially filled
D Sample received not listed on COC D Improperly preserved sample

Client Notified: DYes
Comments: Contact:

DNo

Date:

Resolution:

Route to:
Division PM:

Other Div.PM: SL ML NL FL TL BL
-

FANCM:04.09.97:3
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FIGURE 4
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FIGURE 5
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SAMPLE INTERNAL CUSTODY LOG

SL LOG NO.
CLIENT:

COOLERS/CLIENT:

RELINQUISHED INFORMATION:

CUSTODY INITIALVDATE CUSTODY INITIAL/DATE CUSTODY INITIAL/DATE

VOLATILE? INITIAL/DATE EXTRACTION INITIAL/DATE

MISC. BOTTLES STORED IN REFRIGERATOR FOR SUBCONTRACT/REMOTE TRANSFER:

l:CI m94ll.Ki.9l-0
SWANNAH LAOORA1ORICS
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REMOTE DIVISION
SAMPLE INTERNAL CUSTODY LOG (Figure 6)

SL DIVISION.
# COOLERS
TEMPERATURE(S).

PLEASE VERIFY/'
TOTAL CONTAINERS TOTAL

CONTAINERS
TOTAL
CONTAINERS

(RELINQUISHED INFORMATION:
r
JQUSTODY INITIAL/DATE CUSTODY INITIAL/DATE CUSTODY INITIAL/DATE CUSTODY INITIAL/DATE

NERAL INITIAL/DATE METALS INITIAL/DATE VOLATILES INITIAL/DATE EXTRACTION INITIAL/DATE
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INTERNAL CHAIN-OF CUSTODY

1.0 SCOPE AND APPLICATION

This SOP describes the procedures used for the distribution and tracking of samples that require a more
detailed level of custody than described in SL SOP CU01 -Receipt, Log Number Assignment, and Distribution
of Field Samples.

2.0 SUMMARY OF METHOD

Upon arrival in the lab, the shipping containers are opened and inspected according to the procedures
described in SL SOP CUO 1. A sample tracking label is affixed to each sample container and the samples are
distributed to the appropriate laboratory department The samples are relinquished to the department, and if
required, the samples are checked by departmental analysts for proper preservation. The sample is then
properly stored until preparation and/or analysis. Documentation is provided on the sample tracking label,
sample preparation logs, the internal chain-of-custody logs, and the sample/waste disposal logs. The sample
tracking labels and section internal chain-of-custody logs are maintained in department-specific notebooks.

3.0 PROCEDURE

3.1 Initiation of Internal Custody-Custody Department Personnel

3.1.1 Log samples into the lab using the procedures described in SL SOP CUO 1.

3.1.2 After samples are received and documented, use the LIMS to print out sample labels for each sample
container. It is important that each sample have its own label. The sample log number, client ID, sample ID,
and sample location items should be completed at this time.

3.1.3 Write an alpha character on the label and on the sample container to uniquely identify the container. For
example, if six 1-L containers are submitted for sample MW-1, one container is designated A, another B, and
so forth, with the last container designated F. See Table 1 for examples of the label and the labeling method.

3.1.4 Attach the label to the appropriate sample and distribute the samples to the departments in accordance with
Section 3.5 of SL SOP CU01. The Sample Internal Custody Log (SL SOP CU01, Figure 5) is used to
document the transfer of the samples from the receiving department to the analytical departments (EX, ME,
VM/VG, etc.).

3.2 LIMS Log-in Status and Worksheets-Project Managers and Assistants

Samples that require a higher level of internal chain-of-custody documentation will be designated by an I
status code in the LIMS. The work for these samples will be flagged on every LIMS-generated worksheet and
status sheet.

CU02-S-page 1 of 6
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3.3 Sample Chain-of Custody-Department Custody Personnel and Analysts

3.3.1

2.1.1

3.3.3

The Sample Internal Custody Log (SL SOP CU01, Figure 5) is signed by the analytical department custody
personnel. This log is the initial documentation for receiving the samples into the department.

If required, check the sample preservation and document as described in the appropriate analytical SOP.
Transfer the samples to the designated storage area.

When the sample is removed from the storage area, write the date and time that the sample was removed and
initial the sample label. For example, if the sample was removed on June 6,1998 at 10:00am by WR, the label
will be documented:

Log Number S880001
Client Alpha Industries
Sample ID: MW-1 A

LOCATION: EX

OUT: 6/6/98 lOajn. WR IN:

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:

2.1.2 If the sample is returned to the storage area, write the date and time that the sample was returned on the sample
label and initial the label. For example, if the sample was returned on June 6, 1998, at 11:1 Oam by WR, the
label will be documented :

Log Number S880001
Client Alpha Industries
Sample ID: MW-1 A

LOCATION: EX

OUT: 6/6/98 10:00a.m. WR IN: 6/6/98 11:10am WR

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:

CU02-S-page 2 of 6
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3.3.5 After the entire contents of the sample container has been used, write the date on the sample label beside
EMPTY and initial the label.

Log Number: S880001
Client: Alpha Industries
Sample ID: MW- IB

LOCATION: EX

OUT: 6/6/98 10:00a.m. WR IN:

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY: 6/6/98 WR

DISPOSAL:

3.3.6

If the container is used for multiple analyses, the label may have several OUT/IN dates, times, and initials
before the sample is depleted. Transfer the label to the department notebook designated for the maintaining the
labels and dispose of the sample container.

If the sample container has not been used for analysis or if sample remains in the container, write the date
that the sample was removed from the storage area for disposal on the sample label and initial the label.
Transfer the sample to the designated area for disposal.

Log Number: S880001
Client: Alpha Industries
Sample ID: MW-1F

LOCATION: EX

OUT: IN:

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL: 06/21/98 WR
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2.2 Extracts and Leachates

Metals and general lab digestates are not tracked since refrigeration is not required The digestion matrix is
stable and not prone to evaporation or degradation if analyzed within the recommended hold times.

3.4.1 If internal custody is required for TCLP or other leachates that will not be analyzed on the same day as the
leaching procedure or filtration step, the procedures described for field samples are employed A sample
label is affixed to the storage container to track the sample from the leaching procedure through the final
preparation (extraction or digestion).

NOTE: If a leachate must be retained for multiple analyses over several days, a sample label must be used

3.4.2 Internal custody of extracts will be tracked on the form given in Table 2. Each time an extract is removed from
the designated storage refrigerator, the date and time of removal must be recorded and initialed
If the extract is returned to the storage refrigerator, the date and time of return is recorded and initialed.

The internal chain-of custody forms are retained in the prep or analytical sections (VG/VM, EX, GE, etc.)
in designated notebooks. The forms are filed by batch number and sample identification.
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Table 1-Example of Labels for a Sample With Multiple Containers of the Same Type

Log Number S880001
Client: Alpha Industries
Sample ID: MW-1 A

LOCATION: EX

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:

Log Number S880001
Client: Alpha Industries
Sample ID: MW-1 C

LOCATION: EX

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:

Log Number S880001
Client: Alpha Industries
Sample ID: MW-1 E

LOCATION: EX

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:

Log Number S880001
Client Alpha Industries
Sample ID: MW-1 B

LOCATION: EX

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:

Log Number S880001
Client Alpha Industries
Sample ID: MW-1 D

LOCATION: EX

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:

Log Number S880001
Client Alpha Industries
Sample ID: MW-1 F

LOCATION: EX

OUT: IN:

OUT: IN:

OUT: IN:

EMPTY:

DISPOSAL:
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TABLE 2

INTERNAL CHAIN OF CUSTODY

Batch No

Job No 1818

Analysis Required

SD<3«
Sample IO / Sample Deirlpllon

CAM 74
1. SB«iai7')/C«9»3S»«10201APH9B IMO

UblUnl

lib Si** ft

l*>lp*»l

Client Code

eswp
PM
LW

OUT
Tm/Dt

Prep Meth

Extract Bo

•THIS SEC

IN
Tm/Dt

OUT
Tm/Dl

ud

i ID / Location

TION MUST BE FILLED OUT COMPLETELY

IN
Tm/Dt

OUT
Tm/Dl

IN
Tm/Dt

OUT
Tm/Dt

IN
Tm/Dt

Dlipoie
Date
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INTERNAL CHAIN OF CUSTODY

Batch No

Job No 1818

Analysis Required

SDG*
Sample ID / Sample Desription

CAP174
1. S881817M/C49835-S8102 01APR98-1340

lib Blink

Lib Splki f 1

Lib Splk« 12

Client Code

ES-WP

PM

LW

OUT
Tm/Dt

Preo Method

Extract Box ID / Location

*THIS SECTION MUST BE FILLED OUT COMPLETELY

IN
Tm/Dt

OUT
Tm/Dt

IN
Tm/Dt

OUT
Tm/Dt

IN
Tm/Dt

OUT
Tm/Dt

IN
Tm/Dt

Dispose
Date
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Approval
Signature: . r __

I/ "R. Wayn/RoJ^ms
Title: Corporate QA Manager Date:_

PREPARATION OF SAMPLING KITS

1.0 SCOPE AND APPLICATION

The purpose of this SOP is to describe the procedures used by Savannah Laboratories (SL) to prepare and ship
sampling kits for field use. A sampling kit contains the coolers, pre-cleaned containers, preservatives, and
custody records necessary to complete a sampling event and return the samples to SL under conditions
necessary to preserve the integrity of the samples. The "container tables" in appendix A list the containers and
preservative for liquids and for soils and solids. The routine containers and the preservatives for each
parameter are also listed in Section 6 of the SL Quality Assurance Plans.

2.0 SUMMARY OF METHOD

Requests for sampling kits ("bottle orders") are routinely made by project managers or their assistants. The
request is processed via the SL Laboratory Information Management System (LIMS) and the generated sample
container request form is routed to the sample container shipping department. The appropriate containers are
gathered and the proper preservatives are added to the containers. A color coded, labeled sticker ( a "dot" ) is
affixed to the container to indicate the type of preservation. The containers are packed securely into coolers
along with a temperature bottle, a copy of the bottle order, bags to hold ice, and chain-of-custody (COC) forms,
and custody seals, if requested. The sampling kits may be picked up directly from the lab or shipped via
common courier.

3.0 PROCEDURES

3.1 The project manager or the project manager's assistant enters sample container requests into the LIMS. The
request form is routed to the shipping department for preparation of the sampling kits.

The form is inspected unusual requests. The project manager or assistant is notified immediately if a sampling
kit request cannot be completed.

3.2 Preparation of Sampling Kits

3.2.1 The shipping department personnel gather and inspect the appropriate containers. Some questions to ask:
are proper labels attached to the containers?
do the containers require special preparation or custody seals?
are any containers broken or are obvious defects present?

Notify the project manager or assistant immediately if the container request cannot be completed.
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3.2.2 Add the proper preservatives to the appropriate containers. Wear gloves, a lab coat or apron, and eye
protection when adding the preservatives via the "dot code" listed in a field at the top of the form and defined
at the bottom of the form. The "container tables" 2 list the chemical preservatives required for the various
analyses.

These reagents must be prepared and tracked according to the guidance in SL SOP AN41 -.StandardMaterial
Traceability.

3.2.3 The reagent water and acids used to prepare tnp blanks must be verified periodically to ensure that the water
and acid are free from volatiles. A mechanism must be developed by each SL division lab to document that the
trip blanks (water and acid) and water sent for field and equipment blanks is free from volatiles' contamination.

3.2.4 Coolers must be packed securely to minimize or prevent breakage during shipment.

Wrap all glass containers in bubble wrap or bubble baggies prior to packing. Plastic
containers may be placed in the coolers without bubble wrap but still must be securely
positioned to minimize movement during shipment.

Containers with preservatives must be secured with "closure strips" over the cap to prevent
the cap from loosening and spilling the preservative.

The following items are placed into the cooler for shipment with the containers:
1) Chain-of-custody form(s)
2) Custody seals (if requested)
3) Copy of bottle order
4) Baggies to hold ice for shipment back to the lab (each cooler)
5) Temperature blank container (each cooler)

3.2.5 If the containers will be used to collect "foreign soils" (see SL SOP AN80: Sterilization of Foreign Soil
Samples'), Form PPQ-550, the laboratory's Department of Agriculture soil permit, and sampling crew
instructions must be shipped with the containers. Green florescent stickers reading "FOREIGN SOIL-
STERILIZE BEFORE DISPOSAL" must be placed on each container used to collect foreign soils prior to
shipping to the client

3.2.6 After packing, the coolers are closed, sealed with tape, and placed in a shipping box.
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ROUTINE CONTAINERS

The following tables list the parameter, the routine container, the chemical preservative required to maintain the integrity
of the sample, the hold time (preparation and analytical), and the minimum volume or weight of sample required to
complete the analysis

Routine Containers are the pre-cleaned containers that are normally used for sampling and analysis. The containers have
been tested and certified by the lab to ensure that the parameters tested are below the levels published in the current SL
CQAP.

The chemical preservative is the solution added to the sampling containers or supplied as separate solutions or neat
materials that preserve the integrity of the sample. Chemical preservatives are generally analyte specific. Generally,
parameters requiring the same type of container and preservation can be analyzed form the same container. In addition to
chemical preservation, the samples must be iced at the time of collection and maintained in the laboratory at the required
temperature, usually 4C (control limits of less than 6C with no frozen samples).

The hold time is the maximum time the sample can be held prior to preparation or analysis. Some parameters have
separate hold times for preparation and analysis (generally organic semivolatile procedures).

The minimum volume represents the volume of sample required to analyze for the parameter one time without sample
matrix spikes to achieve the routine reporting levels. If smaller volumes or weights of sample are supplied that those
listed in the table, the reporting limit will be elevated to reflect the sample size. If matrix spikes are required, the
minimum volume or weight of sample required is three times the volume or weight listed in the table.

NOTE: There are analyses where the routine reporting limit can be attained when a less than optimum sample volume or
weight is supplied. For some analyses (e.g., organic extractions), the final volume of the extract or digest can be adjusted
to met the routine reporting limits. This is a non-routine request and requires consultation with the laboratory director or
lab manager prior to sample analysis because the amount of surrogate and spiking solution must be adjusted prior to
sample preparation.

The minimum volume or weight required for TCLP is determined by the procedure. The lab must have these minimum
amounts of sample in order to meet the Regulatory Threshold Limits for hazardous wastes. If less than the required
weight or volume is supplied, the data may be flagged or the results for the TCLP invalidated by the regulatory agency.
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APPENDIX A
ANALYSES/CONTAINERS FOR LIQUIDS -General Lab

PARAMETER

Acidity
Alkalinity
Bromide (1C)
Chloride (autoanalyzer)
Chloride (1C)
Color
Fluoride (electrode)
Fluoride (1C)
Hydrogen ion
Nitrate (autoanalyzer)
Nitrate (1C)
Nitrite (colorimetric)
Nitrite (1C)
Orthophosphate
Specific Conductance
Sulfate (turbidimetric)
Sulfate(IC)
Sulfite
Temperature
Turbidity

Ammonia
Ammonia (if distillation required)
COD
Nitrate - Nitrite
Phosphorus, total

Hexavalent chromium
Cyanide, reactive

ROUTINE CONTAINER

120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP
120-mlP

120-mlP
120-mlP
120-mlP
120-mlP
120-mlP

250-ml P
250-mL P

CHEMICAL
PRESERVATIVE(l)

none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none

0.5mL 1:1 sulfuric acid
O.SmL 1 : 1 sulfuric acid
O.SmL 1 : 1 sulfuric acid
O.SmL 1:1 sulfuric acid
O.SmL 1:1 sulfuric acid

none
none

Hold Time

14 days
1 4 days
28 days
28 days
28 days
2 days
28 days
28 days

analyze immediately
2 days
2 days
2 days
2 days
2 days
28 days
28 days
28 days

analyze immediately
analyze immediately

2 days

28 days
28 days
28 days
28 days
28 days

1 day
14 days

MINIMUM VOLUME
REQUIRED

SOmL
SOmL
lOmL
IQmL
lOmL
SOmL
25mL
lOmL
25ml,
lOmL
lOmL
lOmL
lOmL
25mL
25mL
25mL
lOmL
SOmL
lOmL
25mL

lOmL
25ml,
25mL
lOmL
25mL

lOmL
lOmL/lOg

(1) Containers should be iced at time of collection in addition to the chemical preservation
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ANALYSES/CONTAINERS FOR LIQUIDS-General Lab
PARAMETER

Kjeldahl (TKN) and organic nitrogen
Hardness (EDTA titration)

Ferrous Iron (colorimetric)

BOD
Residue, total
Residue, filterable (IDS)
Residue, non-filterable (TSS)
Residue, sellable
Residue, volatile (VSS)
Surfactants
Sulfide, reactive

Sulfide

Cyanide, tolal and amenable lo
chlorinalion

Organic Carbon (TOC)

Chlorine, lolal residual

ROUTINE CONTAINER

250-ml P
250-ml P

250-ml P

500-ml P
500-ml P
500-ml P
500-ml P
500-ml P
500-ml P
500-ml P
500-ml P

500-ml P

250-ml, P
500-mL P

125-mlambG

250-ml amb G

CHEMICAL
PRESERVATIVE(l)

1 mL 1 : 1 sulftiric acid
ImL 1:1 sulfuric acid

1 mL 1 : 1 hydrochloric acid

none
none
none
none
none
none
none
none

2mL 2N zinc acetate

4-5 pellets sodium hydroxide
8-10 pellets sodium hydroxide

1 mL 1 : 1 suliuric acid

none

HOLD TIME

analyze immediately

2 days
7 days
7 days
7 days
2 days
7 days
2 days

7 days

1 4 days

28 days

analyze immediately

MINIMUM VOLUME
REQUIRED

25mL
lOOmL

25mL

lOOmL
lOOmL
lOOmL
100ml,
lOOmL
lOOmL
lOOmL

10mL(10g)

250mL

50mL

lOmL

25mL
(1) Containers should be iced at time of collection in addition to the chemical preservation
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ANALYSES/CONTAINERS FOR L1QU [PS-General Lab
PARAMETER

Oxygen, dissolved (Winkler)

Oxygen, dissolved (electrode)

Absorbable organic halides (AOX)

Tola! organic halogens (TOX)

Phenol, total recoverable (direct)

Phenols, total recoverable (chloroform
extraction)

ROUTINE
CONTAINER
BOD Bottle G

BOD Bottle G

500-ml amb G

500-mI amb G

125-mL amber G

500-ml amb G

CHEMICAL
PRESERVATIVE(l)

IIACH DO reagent powder
pillows

none

2mL 1 : 1 nitric acid

2mL 1 : 1 sulftiric acid

1 mL 1 : 1 sulfaric acid

2mL 1 : 1 sulfiiric acid

HOLD TIME

analyze immediately

analyze immediately

,_ 28 days

28 days

28 days

28 days

MINIMUM VOLUME
REQUIRED

fall BOD bottle

full BOD bottle

lOOmL

lOOmL

50mL

300mL

ANALYSES/CONTAINERS FOR LIQUlDS-Metals Lab
PARAMETER

Mercury

Metals (except Hexavalent Chromium
and Mercury)

ROUTINE CONTAINER

250-ml P or
500-mLP

250 ml P or
500-mLP

CHEMICAL
PRESERVATIVE
1 mL 1 1 nitric acid
2mL 1 1 nitric acid
ImL 1 1 nitric acid
2mL 1 1 nitric acid

HOLD TIME

28days(l)

6 months

MINIMUM VOLUME
REQUIRED

50ml,

50mL

(1) Containers should be iced at time of collection in addition to the chemical preservation.
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ANALYSES/CONTAINERS FOR LIQUIDS-VOC Lab-GC
PARAMETER

Purgeable Halocarbons by GC
(502.2,601,8010,8021)

Purgeable Aromatic Hydrocarbons by
GC (502.2, 602,8020,8021)
Halocarbons and Aromatics (502.2,
601/602,8010/8020,8021)
Acrolein & acrylonitrile (603)
VOCby8015B-VOC
GRO/petroleum products by 801 5B
Alcohols by 80 15B(DAI)
Oh/cols by 80 15B(DAI)
Solvents by 80 15B(DAI)
Methanol (NCASI)
Dissolved Gases in water (FID)
Dissolved Gases in water (TCD)

ROUTINE CONTAINER

3 x 40-ml G

3 x 40-ml G

3 x 40-ml G

3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G
3 x 40-ml G

CHEMICAL
PRESERVATFVE(l)

0.3mL 1:1 hydrochloric acid (2)

0.3mL 1 : 1 hydrochloric acid (2)

0.3mL 1 : 1 hydrochloric acid (2)

none
0.3mL 1 : 1 hydrochloric acid (2)
0.3mL 1 : 1 hydrochloric acid (2)

none
none
none
none

0.3mL 1:1 hydrochloric acid
none

HOLD TIME (3)

1 4 days

1 4 days

1 4 days

3 days
1 4 days
14 days
1 4 days
1 4 days
1 4 days
28 days
1 4 days
1 4 days

MINIMUM VOLUME
REQUIRED

40mL

40mL

40mL

40mL
40mL
40mL
40mL
40mL
40ml,
40mL
40mL
40mL

(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) If the sample is chlorinated, sodium thiosulfate is added to the vials prior to shipment or is added the time of collection to destroy residual chlorine.
(3) The hold time for VOC is 7 days if the samples are not preserved with HC1 at the time of collection

ANALYSES/CONTAINERS FOR LIQUIDS-VOC Lab-GC/MS
PARAMETER

Volatiles by GC/MS (524.2, 624,
8240/8260)
Volatiles by Isotope Dilution (1624)

ROUTINE CONTAINER

3 x 40-ml G

3 x 40-ml G

CHEMICAL
PRESERVATIVE(I)

0.3mL 1 : 1 hydrochloric acid (2)

0.3mL 1 : 1 hydrochloric acid (2)

HOLD TIME (3)

1 4 days

1 4 days

MINIMUM VOLUME
REQUIRED

40mL

40mL
(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) If the sample is chlorinated, sodium thiosulfate is added to the vials prior to shipment or is added the time of collection to destroy residual chlorine.
(3) The hold time for VOC is 7 days if the samples are not preserved with HC1 at the time of collection
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ANALYSES/CONTAINERS FOR LIQUiDS-Semivolatile GC
PARAMETER

Microextractables (504/801 1)

Pesticides (505, 6 18)

Phenols GC(604,8041)
Benzidines (625.8270C)
Phthalate esters (606/8061 )
Nitrosamines(607/807 1 )
Chlorinated Pesticides (508, 608, 608. 1 ,
608.2, 617,645,8080/8081)
Chlorinated pesticides and PCBs as Aroclors
(8081/8082)
PCBs (608/8080/8082) as Aroclors or
Congeners
Nitroaromatics & isophorone
(609/8091)
PAHs(6IO/8100)
Haloethers(611/8111)
Chlorinated hydrocarbons (612/8121)
Organophosphorous Pesticides
(507, 614/614.1, 622/622.1, 8141)
Chlorinated Herbicides (5 1 5,6 1 5/8 1 5 1 )
Triazine Pesticides (619/620)
Nitroaniline Pesticides (627)
Organonitrogen Pesticides (633)
Thiocarbamate Pesticides (634)
Petroleum hydrocarbons/DRO (80 1 5B)

ROUTINE
CONTAINER

3 x 40-ml G

3 x 40-ml G

2x 1-LambG
2 x l - L a m b G
2 x I -L amb G
2 x 1-LambG
2x 1-LambG

2x 1-LambG

2 x 1-LambG

2x 1-LambG

2 x 1-LambG
2x 1-LambG
2x 1-LambG
2x 1-LambG

2 x 1 -L amb G
2 x 1 -L amb G
2 x 1 -L amb G
2 x 1 -L amb G
2x 1-LambG
2x 1-LambG

CHEMICAL
PRESERVATIVE(l)

0.3mL 1:1 hydrochloric acid (2)

none (2)

none (2)
none (2)
none (2)
none (2)
none (2)

none (2)

none (2)

none (2)

none (2)
none (2)
none (2)
none (2)

none (2)
none (2)
none (2)
none (2)
none (2)
none (2)

HOLD TIME

28 days

7 days

7days/40 days (3)
7 'days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40 days (3)

7days/40 days (3)

7days/40 days (3)

7days/40 days (3)

7days/40 days (3)
7 'days/40 days (3)
7days/40 days (3)
7days/40 days (3)

7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7days/40 days (3)
7 'days/40 days (3)
7days/40 days (3)

MINIMUM VOLUME
REQUIRED

40mL

40mL

1-L
1-L
1-L
1-L
1-L

1-L

1-L

1-L

1-L
1-L
1-L
1-L

1-L
1-L
1-L
1-L
1-L
1-L

(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) If the sample is chlorinated, sodium thiosulfate is added to the vials prior to shipment or is added the time of collection to destroy residual chlorine.
(3) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and the extract
must be analyzed within 40 days of the date of extraction.
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ANALYSES/CONTAINERS FOR LIQUIDS-Semivolatile GC/MS
PARAMETER

Base/Neutrals/Acids by GC/MS
(525,625/8270)
Dioxins and Furans (8280)
2,3,7,8-TCDD (6 13/8280)
PCB Congeners (680)
Chlorinated Phenolics (1653)

ROUTINE CONTAINER

2 x 1 -L amb G

2x 1-LambG
2 x l - L a m b G
2x 1-LambG
2x 1-LambG

CHEMICAL
PRESERVATIVE(l)

none (2)

none (2)
none (2)
none (2)

2mL 1 : 1 sulfuric acid(2)

HOLD TIME

7days/40 days(3)

30days/45 days(3)
7days/40 days(3)
7days/40 days(3)
30days/30days(3)

MINIMUM VOLUME
REQUIRED

1-L

1-L
1-L
1-L
1-L

(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) If the sample is chlorinated, sodium thiosulfate or ascorbic acid is added to the vials prior to shipment or is added the time of collection to destroy residual chlorine.
(3) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and the extract
must be analyzed within 40 days of the date of extraction.

ANALYSES/CONTAINERS FOR LIQUIPS-Estraction Lab
PARAMETER

Oil and Grease (gravimetric) (418.2)
Hexane Extractable Materials (HEM)
(1664)
Total petroleum hydrocarbons and oil
and grease by IR (4 18.1)
Surfactants

ROUTINE CONTAINER

500-mLor 1 -L Glass (1)
1 -L Glass (1)

125-mlambG(l)

500-mL P

CHEMICAL
PRESERVATIVE^)
2mL 1 : 1 sulfuric acid
2mL 1 : 1 sulfuric acid

2mL 1 : 1 sulfiiric acid

none

HOLD TIME

28 days
28 days

28 days

48 hours

MINIMUM VOLUME
REQUIRED

1-L
1-L

125mL

lOOmL
(1) The entire contents of each container must be used for analysis.
(2) Containers should be iced at time of collection in addition to the chemical preservation

ANALYSES/CONTAINERS FOR LIQUIDS-LiquiJ Chromatography
PARAMETER

PAHs(610/8310)
Carbonyl Compounds (formaldehyde
and acetaldehyde) (83 1 5)

ROUTINE CONTAINER

2x 1-LambG
2 x 1 25 ml amb G

CHEMICAL
PRESERVATIVE(l)

none (2)
none

HOLD TIME

7days/40 days (3)
3 days/3 days(3)

MINIMUM VOLUME
REQUIRED

1-L
lOOmL

(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) If the sample is chlorinated, sodium thiosulfate or ascorbic acid is added to the vials prior to shipment or is added the time of collection to destroy residual chlorine.
(3) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and the extract
must be analyzed within 40 days of the date of extraction.
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ANALYSES/CONTAINERS FOR LIQUIDS-Microbiological Parameters
PARAMETER

Coliform, fecal and total
(in drinking water)
Coliform, fecal and total

Fecal steptococci

Bacteria plate count

Chlorophyll

ROUTINE CONTAINER

2 x 250-mL sterile Nalgene
or sterile Whirl-paks

2 x 250-mL sterile Nalgene
or sterile Whirl-paks

2 x 250-mL sterile Nalgene
or sterile Whirl-paks

2 x 250-mL sterile Nalgene
or sterile Whirl-paks

125-mLambG

CHEMICAL
PRESERVATIVE(l)

0.2mL 10% sodum thiosulfate

0.2mL 10% sodum thiosulfate

0.2mL 10% sodum thiosulfate

0.2mL 10% sodum thiosulfate

none

HOLD TIME

30 hours

6 hours

6 hours

6 hours

NA

MINIMUM VOLUME
REQUIRED

lOOmL

lOOmL

lOOmL

lOOmL

125mL
(1) Containers should be iced at lime of collection in addition to the chemical preservation

CONTAINERS FOR LIQUlDS-Radiological Parameters (send to Tampa)
PARAMETER

Radionuclides, alpha
Radionuclides, beta
Radium (total as Radium 226)
Radium 226
Radium 228
Tritium

ROUTINE CONTAINER

1-LP
1-LP
4-LP
4-LP
4-LP
1-LP

CHEMICAL
PRESERVATIVE
nitric acid to pH<2
nitric acid to pH<2
nitric acid to pH<2
nitric acid to pH<2
nitric acid to pH<2

none

HOLD TIME

6 months
6 months
6 months
6 months
6 months
6 months

MINIMUM VOLUME
REQUIRED

1-LP
1-LP
4-L P
4-LP
4-LP
1-LP

CONTAINERS FOR LIQUIDS AND SOILS-Nitrocellulose (send to Tallahassee General Lab)
PARAMETER

Nitrocellulose (water)
Nitrocellulose (soils)

ROUTINE CONTAINER

1 -L amb G
500-mL amb G

CHEMICAL
PRESERVATIVE(l)

none
none

HOLD TIME

7 days/40 days(2)
40days/l day(2)

MINIMUM VOLUME
REQUIRED

1-L
lOOg

(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and the extract
must be analyzed within 40 days of the date of extraction.
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CU 15:06.. ,8:3

CONTAINERS FOR LIQUIDS-Liquid Chromatography(Send to Tallahassre )
PARAMETER

N-Methylcarbamoxyloximes &
N-Methylcarbamalcs (531)
Olyphosate (547)

Endothall (548)
Diquat and Paraquat (549. 1 )

Hexachlorophenc and Dichlorophene (604.1)
Cyanizine (629)
Bcnomyl (as Carbendazim) (63 1 )
Carbamate & Urea Pesticides (632)
Rotenone (635)
Bensulide (636)
Oryzalin (638)
Beniocarb (639)
Bentazon (643)
Picloram (644)

Carbonyl Compounds (acetaldehydc and
formaldehyde) (83 15)
Acrylamide(8316)
N-Methylcarbamates (83 1 8)

Nitroaromatics and Nitraniines (explosive
residues) (8330)

ROUTINE CONTAINER

125-mlambG

125-mlambG

1-LambO
500-ml, highdensity ,foil

wrapped PCB with Teflon-
lined cap

2 x -L amb G
2x -LambG
2 x -L amb G
2x -LambG
2 x -L amb G
2 x -L amb G
2 x -L amb G
2 x -L amb G
2x -LambG
2 x -L amb G

2x 125 ml amb G

125 ml amb G
2x 125 ml amb G

2x 1-LambG

CHEMICAL
PRESERVATIVE(l)

monochloroacetic acid to
pH<3

sulfuric acdi to pH<2

none
sulfuric acid to pH<2

none
• none

none
none
none
none
none
none
none
none

none

none
momocloroacetic acid to pH

<3
none

HOLD TIME

28 days

14 days
(18 months if frozen)

7 days/ 14 days
7days/21 days (3)

7days / 40days
7 days/ 40 days
7 days/ 40 days
7- days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 40 days
7 days/ 30 days
7 days/ 30 days

3 days/3 days

7 days
7 days/ 40 days

7 days/ 40 days

MINIMUM VOLUME REQUIRED

10ml,

lOmL

lOOmL
75mL

-L
-L
-L
-L
-L
-L
-L
-L
-L
-L

lOOmL

lOmL
lOOmL

1-L
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GUI 5:06.1*98:3

CONTAINERS FOR LIQUIDS-Liquid Chromatography(Send to Tallahaswe)
PARAMETER

Acrylic acid (SL SOP)
Asulam (SL SOP)
Ethylenthiouria (SL SOP)
Maleic acid/malcic anhydride
(SL SOP)
Phthalic acid/phthalic anhydride
(SL SOP)
Resourcinol (SL SOP)
Thiodiglycol (SL SOP)

ROUTINE CONTAINER

40-mL G, Teflon septum
125-mlambO
125-mlambG

40-mL G, Teflon septum

40-mL G, Teflon septum

40-mL G, Teflon septum
125-mlambG

CHEMICAL
PRESERVATIVE(l)

none
none
none
none

none

none
none

HOLD TIME

7 days/ 40 days
21 days

7 days/40 days
7 days/ 40 days

7 days/ 40 days

7 days/ 40 days
7 days/ 40 days

MINIMUM VOLUME REQUIRED

lOmL
50mL
lOmL
lOmL

lOmL

lOmL
lOmL

CONTAINERS FOR SOILS-Liquid Chromatography(Send to Tallahassee)
PARAMETER

Benomyl (as Carbendazim) (63 1 )
Carbamate & Urea Pesticides (632)
Oryzalin (638)
Carbonyl Compounds (acetaldchyde and
formaldehyde) (83 15)
N-Methylcarbamates (83 1 8)
Nitroaromatics and Nitramines (explosive
residues) (8330)
Asulam (SL SOP)
Ethylenthiouria (SL SOP)
Thiodiglycol (SL SOP)
Acrylamide(8316)
Acrylic acid (SL SOP)
Maleic acid/maleic anhydride
(SL SOP)
Phthalic acid/phthalic anhydride
(SL SOP)

ROUTINE CONTAINER

100-mLG
100-mLG
100-mLG
100-mLG

100-mLG
100-mLG

100-mLG
100-mLG
100-mLG
100-mLG
100-mLG
100-rnLG

100-mLG

CHEMICAL
PRESERVATIVE(l)

none
none
none
none

none
none

none
none
none
none
none
none

none

HOLD TIME

14days/40days(2)
14days/40days(2)
14days/40days(2)
3 days/ 3 days(2)

7 days
14 days

14 days
14 days
14 days
14 days
14 days
14 days

14 days

MINIMUM VOLUME REQUIRED

20g
30g
30g
20g

10g
20g

2g
2g
2g
2g
2g
5g

5g

(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and the extract
must be analyzed within 40 days of the date of extraction.
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CU15:06..,.98:3

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS -General Lab
PARAMETER

Ammonia
Ammonia (if distillation required)
BOD
Bromide (1C)
COD
Chloride (autoanalyzer)
Chloride (1C)
Cyanide, total and amenable to
chlorination
Cyanide, reactive
Fluoride (electrode)
Fluoride (1C)
Hydrogen ion
Kjeldahl (TKN) and organic nitrogen
Nitrate (autoanalyzer)
Nitrate (1C)
Nitrite (colorimetric)
Nitrite (1C)
Organic Carbon
Orthophosphate
Phosphorus, total
Specific Conductance
Sulfate (turbidimetric)
Sulfate (1C)
Residue, total
Residue, volatile (VSS)
Sulfide
Sulfide, reactive
Surfactants

ROUTINE CONTAINER

250-mL P
250-mL P
500-ml P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P

250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P
250-mL P

CHEMICAL
PRESERVATIVE(l)

none
none
none
none
none
none
none
none

none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none
none

Hold Time

28 days
28 days
2 days

28 days
28 days
28 days
28 days
1 4 days

14 days
28 days
28 days

analyze immediately
28 days
2 days
2 days
2 days
2 days
2 days
2 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days
28 days

MINIMUM WEIGHT
REQUIRED

10g
lOg

lOOg
10g
lOg
lOg
lOg
Ig

lOmL/lOg
lOg
lOg
lOg
lOg
lOg
lOg
lOg
lOg
iOg
lOg
IOg
IOg
IOg
IOg
IOg
IOg
IOg
IOg
IOg

(I) Containers should be iced at time of collection
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CU15:Ot 8:3

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-General Lab
PARAMETER

Extractable organic halogens (EOX)

Phenol, total recoverable (direct)

Phenols, total recoverable (chloroform
extraction)

ROUTINE
CONTAINER

125-mL amber G

1 25-mL amber G

1 25-mL amber g

CHEMICAL
PRESERVATIVE(l)

none

none

none

HOLD TIME

28 days

28 days

28 days

MINIMUM WEIGHT
REQUIRED

lg

5g

5g

(1) Containers should be iced at time of collection.

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-Metals Lab
PARAMETER

Mercury
Metals (except Chromium VI and
Mercury)

ROUTINE CONTAINER

250-mlPor500-mLP
250 ml P or 500-mL P

CHEMICAL
PRESERVATIVE

none(l)
none(l)

HOLD TIME

28 days
6 months

MINIMUM WEIGHT
REQUIRED

5g
5g

(1) Containers should be iced at time of collection.
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CU15:06.

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS- VOC Lab-VG/VM
PARAMETER

Purgeable Halocarbons by GC
(601,8010,8021)

Purgeable Aromatic Hydrocarbons by
GC (602,8020,8021)
I lalocarbons and Aromatics
(60 1 /602, 80 1 0/8020, 802 1 )
Volatiles by GC/MS (624/8260)

GRO(8015B)

ROUTINE CONTAINER

2 x 5-g Encore plus
125-mLG amber

2 x 5-g Encore plus
125-mLG amber

2 x 5-g Encore plus
125-mLG amber

2 x 5-g Encore plus
125-mLG amber

2 x 5-g Encore plus
125-mLG amber

CHEMICAL
PRESERVATIVE(l)

5mL 5% sodium bisulfate
solution or frozen in water (2)

5mL 5% sodium bisulfate
solution or frozen in water (2)

5mL 5% sodium bisulfate
solution or frozen in water (2)

5mL 5% sodium bisulfate
solution or frozen in water (2)

5mL 5% sodium bisulfate
solution or frozen in water (2)

HOLD TIME (3)

1 4 days

1 4 days

1 4 days

14 days

14 days

MINIMUM WEIGHT
REQUIRED

1 5-g Encore plus 1 25-mL
bulk

1 5-g Encore plus 1 25-mL
bulk

1 5-g Encore plus 1 25-mL
bulk

1 5-g Encore plus 1 25-mL
bulk

1 5-g Encore plus 1 25-mL
bulk

(1) Containers should be iced at time of collection.
(2) The sample must be preserved with sodium bisulfate within 48 hours of collection if not preserved in the field. If the sample contains high levels of carbonates that prevents the use
of sodium bisulfate, the sample may be frozen in reagent water within 48 hours of collection. In addition, a methanol extract is prepared from the bulk sample within 48 hours of
collection for high concentration samples
(3) The hold time for VOC is 48 hours if the samples are not preserved with sodium sulfate or frozen in water within 48 hours of collection
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CU 15:06... .^8:

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-Semivolatile GC
PARAMETER

Phenols GC(8041)
Benzidines (8270C)
Phthalate esters (8061)
Nitrosamines(8071)
Chlorinated/ Pesticides (/8080/808 1 )
PCBs (8080/8081)
Nitroaromatics & isophorone
(8091)
PAHs(SlOO)
Haloethers(8111)
Chlorinated hydrocarbons(8 121)
Organophosphorous Pesticides
(8141)
Chlorinated Herbicides (8151)
Petroleum hydrocarbons/DRO (8015B)

ROUTINE CONTAINER

250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G

250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G
250-ml or 500-mL G

250-ml or 500-mL G
250-ml or 500-mL G

CHEMICAL
PRESERVATIVE(l)

none
none
none
none
none
none
none

none
none
none
none

none
none

HOLD TIME

14days/40days(2)
14days/40days(2)
14days/40days(2)
14days/40days(2)
14days/40days(2)
14days/40days(2)
14days/40days(2)

14days/40days(2)
14days/40days(2)
14days/40days(2)
14days/40days(2)

14days/40days(2)
14days/40days(2)

MINIMUM WEIGHT
REQUIRED

30g
30g
30g
30g
30g
30g
30g

30g
30g
30g
30g

30g
30g

(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) The first number is the hold time until the extraction, the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and the extract
must be analyzed within 40 days of the date of extraction.

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-Semivolatile GC/MS
PARAMETER

Base/Neutrals/Acids by GC/MS
(625/8270)
Dioxins and Furans (8280)

ROUTINE CONTAINER

250-mL or 500-mL amb G

250-mL or 500-mL amb G

CHEMICAL
PRESERVATIVE(l)

none

none

HOLD TIME

7days/40 days

30days/45days

MINIMUM WEIGHT
REQUIRED

3()g

30g
(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) If the sample is chlorinated, sodium thiosulfate or ascorbic acid is added to the vials prior to shipment or is added the time of collection to destroy residual chlorine.
(3) The first number is the hold time until the extraction; the second time is the hold time for the extract; i.e., the extraction must take place within 7 days of collection and the extract
must be analyzed within 40 days of the date of extraction.
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GUI 5:06. ^8:3

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-Extraction Lab
PARAMETER

Oil and Grease (gravimetric)
Total petroleum hydrocarbons and oil
and grease by IR

ROUTINE CONTAINER

250-mL or 500-mL amb G
250-mL or 500-mL amb G

CHEMICAL
PRESERVATIVE(l)

none
none

HOLD TIME

28 days
28 days

MINIMUM WEIGHT
REQUIRED

30g
30g

(1) Containers should be iced at time of collection.

ANALYSES/CONTAINERS FOR SOILS AND SOLIDS-Llquid Chromatography
PARAMETER

PAHs(8310)
Carbonyl Compounds (formaldehyde)

ROUTINE CONTAINER

2x 1-LambG
2x 125 ml amb G

CHEMICAL
PRESERVATIVE^)

none
none

HOLD TIME

14days/40days
3days/3days

MINIMUM WEIGHT
REQUIRED

30g
10g

(1) Containers should be iced at time of collection.

ANALYSES/CONTAINERS FOR HAZARDOUS WASTE PARAMETER TESTING
PARAMETER

TCLP
SPLP
Cyanide, reactive
Sulfide, reactive
Ignitability
Corrosivity (pH)
Corrosivity (to steel))

ROUTINE CONTAINER

500-mL G
500-mL G

250-mL P,G
250-mL P,G
250-mL G
250-mL G
250-mL G

CHEMICAL
PRESERVATIVE(l)

none
none
none
none
none
none
none

HOLD TIME

14days(2)
14days(2)

1 4 days
7 days

NA
analyze immediately

NA

MINIMUM WEIGHT
REQUIRED

lOOg
lOOg
lOg
10g

50mL/50g
5g

lOOmL/lOOg
(1) Containers should be iced at time of collection in addition to the chemical preservation
(2) The hold time is the maximum time until the leaching procedure is performed; after leaching, the routine liquid hold times apply.
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CHANGE -EV-PROGRESS ATTACHMENT

SOP Document No: EX30:02.19.98:1

SOP Description: Continuous Liquid-Liquid Extraction

R. ^ayne Robbing T
Title: Corporate QA Manager Date:_

additions haw: beeii; made 16 the referenced SOP.

This CIPA is made in response to the Army Corps of Engineers audit of the Tampa Division and the Navy
audit of the Savannah Division. Please note the change: addition of surrogates and matrix spikes is required
prior to the pH change.

9.1 Sample Evaluation

9.1.1 Remove the samples to be extracted from the storage refrigerator. Allow the samples to
equilibrate to room temperature while the appropriate glassware is gathered and prepared for the
extraction. Fill out as much of the extraction log as possible prior to initiating the extractioa

9.1.2 Inspect the samples. Determine if the samples have multiple layers such as sediment or an oil
layer. Consult with the supervisor or technical manager if the sample matrix is unusual or is
difficult to categorize or handle.

9.1.3 Mark the level of the sample on the outside of the container. After the sample has been added to
the extractor body, fill the empty container with water to the mark. Pour the water into a
graduated cylinder and determine the volume. Record the volume in the extraction log to
the nearest 5mL..

NOTE: If a reduced volume of sample must be extracted in order to provide sufficient sample
volume to meet state or other program QC requirements, the sample is thoroughly mixed and an
aliquot is measured with a graduated cylinder and poured into the extractor body. The following
volumes are utilized for TCLP samples for BNA and pesticides:

TCLP PARAMETER
BNA by GC/MS (8270)
Pesticides by GC (8080)

Volume of Sample Extracted(mL)
200
20

Final Volume (mL)
1.0
10
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9.2 Glassware Preparation
Process glassware and samples (Sections 9.2 through 9.4) in batches not greater than 20 field
samples and QC in order to minimize the evaporation of methylene chloride into the lab.

9.2.1 Prepare the continuous liquid-liquid extraction apparatus by rinsing the extractor body, receiving
flask, and condenser with acetone. Pay particular attention to the solvent return line for the
presence of water drops or solids.

9.2.2 Set the extractor body on the holder. Add methylene chloride (50-100ml) to the extractor body in
order to fill the dram tube and ensure that a continuous flow of solvent from the extractor body to
the receiving flask is maintained.

NOTE: Inspect the solvent layer when the sample is added. Large quantities of sediment may-
plug the tube and extraction will not occur. The newest extractor bodies have been re-designed to
reduce the amount of solvent necessary to ensure a continuous flow of solvent. Use the amount of
solvent-50mL or lOOmL- necessary to allow the extractor to function properly.

9.2.3 In a fume hood, add lOOmL to 175mL of methylene chloride to the receiving flask and add a few
boiling stones to the flask. Add the same volume to each flask in the batch. Leave the receiving
flask with the methylene chloride under the hood until ready to attach it to the extractor or cover
tightly with aluminum foil.

9.3 Attach the receiving flask to the extractor body and secure the heating mantle around the flask.

9.4 As soon as possible after the methylene chloride is added to the extractor, gently pour the entire
sample into the extractor body, trying not to let the sample leak into the sidearm. The extractor
body will be approximately Vi to 2/3 full and the methylene chloride in the solvent return should
be about 3/4 of the way to the receiving flask.

NOTE: The lab has the option of using an aliquot of sample if the final volume of the extract is
adjusted to compensate for the reduced volume of sample. In some cases, the volume of sample
must be reduced in order to have sufficient sample to extract matrix spikes as required by a state or
other program quality assurance plan or regulation. In this case, the volume of surrogate and
matrix spiking solution added to the sample should also be reduced proportionately .
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9.5 Add l.OL aliquots of reagent water to each of two separate extractors to serve as the method blank
and lab control sample (LCS).

EXTRACTION BATCH: An extraction bath consists of up to twenty (20) field samples and the
following QC items: method blank, LCS. MS, and MSD. If insufficient sample is available to
perform the MS and MSD. the LCS is extracted in duplicatefLCSD) and the extraction log is
stamped: INSUFFICIENT SAMPLE AVAILABLE TO PERFORM MS/MSD.

9.6 Addition of Surrogates and Matrix Spikes
The surrogate and matrix spiking solutions are set up so that I.Oml of the solution will be added .
Be sure to use the correct solutions for the extraction of concern. The addition of the surrogates
and matrix spikes should be witnessed by another analyst to ensure that the proper volume of the
spiking solution is added to each sample.

9.6.1 Add 1 .Oml of the surrogate spiking solution to each sample and QC item.

NOTE: If the volume of sample extracted must be reduced to provide sufficient sample to
meet state or other program requirements, the volume of surrogate spiking solution must be
reduced proportionately.

9.6.2 Add 1.0ml of the matrix spiking solution to each LCS, MS, and MSD.

NOTE: If the volume of sample extracted must be reduced to provide sufficient sample to
meet state or other program requirements, the volume of matrix spiking solution must be reduced
proportionately.

9.6.3 Adjust the pH of the samples to the range specified in Table 1. The pH should be adjusted by
adding small aliquots of ION sulfuric acid or ION sodium hydroxide directly to the extraction
body. Stir the sample with a glass rod or Teflon rod. Check the pH after each addition with wide
range paper. Do not dip the paper into the sample. Use a glass rod or pipette to remove a small
aliquot of sample and touch the liquid to the pH paper.

NOTE: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide will cause the
pH of the sample to increase.

9.7 Slowly add reagent water to the extractor body until the level of the liquid causes the methylene
chloride to just flow over to the receiving flask.

9.8 Place the condenser securely on the extractor body. Make sure that water is flowing through the
condenser and turn the heating mantle on. Observe the extraction for the first hour or so to ensure
that the solvent is being boiled, condensed, and returned to the receiving flask. Extract the
samples for the time listed in Table 1. The batch is labeled with the start time and the scheduled
stop time. I f a single pH extraction is performed, go to 9.11; if a two-pH extraction must be
performed, continue at 9.9.

9.9 If a dual pH extraction is required, turn the heating mantle "off" to stop the extraction at the
appropriate time and allow the extraction vessel to cool. Adjust the pH of the sample by adding
small aliquots of ION sulfuric acid or ION sodium hydroxide. Stir the sample with a glass rod or
pipette and check the pH after each addition. Do not dip the pH paper into the sample but use a
glass rod or pipette to remove a small aliquot of the sample and touch the liquid to the pH paper.

NOTE: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide will cause the
pH of the sample to increase.
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9.10 Turn the heating mantle "on" and extract the sample at the second pH for the time listed in Table
1. The batch is labeled with the start time and the scheduled stop time

9.11 After the samples have extracted for the required time, turn the heating mantle "off" and allow the
extraction vessel to cool to room temperature. It is important to allow the receiving flask to cool
before it is removed from the extractor.

9.12 Remove the receiving flask from the extractor body and cover it with a Teflon stopper. The extract
is stored under near a hood until the filtration and concentration step is performed.

9.13 Working under a hood, place a piece of filter paper into a glass funnel and add a small amount of
purified sodium sulfate. Filter the extract through the glass funnel and collect the extract directly
into a labeled Zymark tube. Discard the filter paper and sodium sulfate into a waste container
which is kept under the hood until removed from the laboratory'. The extract is now ready for
concentration using the Zymark instrument(SL SOP EX50) and should be kept under a hood
tightly covered with aluminum foil until the concentration step. The extract may also be
concentrated using the Kudema-Danish extract evaporation(SL SOP EX51).

NOTE: Perform the extract filtration and drying steps in batches to minimize the loss of solvent
into the lab. Cover the remaining containers tightly with aluminum foil and leave under or near a
hood.

After the extracts have been dried and filtered, dispose of the filter paper and sodium sulfate by
putting them in a chlorinated solvent waste container that is kept under the hood.

NOTE: If the volume of sample extracted has been reduced to provide sufficient sample to meet
state or other program QC requirements, the final volume of the extract must be reduced
proportionately.

9.14 Rinse the ground-glass joint of the condenser with acetone and wrap in aluminum foil before
placing the condenser in the rack. Collect the acetone rinsate in a separate container for disposal.

9.15 After the receiving flask has been removed from the extractor body, the methylene chloride
remaining in the extractor body must be properly disposed. The extractor should be handled with
minimum agitation to minimize the amount of solvent allowed to evaporate into the lab and
stored in the chlorinated solvent waste container. Place the receiving flask side-arm over the
chlorinated waste container. Add tap water to the extractor body to displace the methylene
chloride into the waste container

The liquid remaining in the extractor body should be poured carefully down the sink and flushed
continuously with water.
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CHANGE -IN-PROGRESS ATTACHMENT

SOP Document No: SM05:12.19.97:5
SOP Description: Semivolatile Compounds by GC/MS (8270C)

/k. Waynel^bbiL
Title: Corporate OA Manager / Date:

The following revisions or additions have; been made to the referenced SOP.

Changes or updates to all sections are in bold type.

3.4 The exit vent of the splitless injector must have a carbon trap in-line to collect the
semivolatile compounds that are vented during the injection of the extract. The traps should
be changed a minimum of every three months and disposed of in accordance with SL SOP
CA70: Waste Management.

6.1 Gas chromatograph- Hewlett-Packard (HP) 5890 or equivalent with compatible autosampler,
splitless injector, and direct capillary interface. The exit vent of the splitless injector must have
a carbon trap in-line to collect the semivolatile compounds that are vented during the
injection of extracts. The carbon traps should be changed a minimum of every three months.

SOP/CIPA/SM05-3
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SianaTre:
/R Wayne Robpins /

Title: Corporate QA Manager Date:

CONTINUOUS LIQUID-LIQUID EXTRACTION

1.0 SCOPE AND APPLICATION

This SOP describes the general procedures for the extraction of semivolatile organic compounds
(SVOC) from aqueous samples using continuous liquid-liquid extraction. This procedure is
applicable to a wide range of aqueous matrices including monitoring wells, industrial wastewater,
saline waters, and TCLP or EP leachates.

2.0 SUMMARY OF METHOD

2.1 A known volume of sample is adjusted to a specific pH if required, transferred to a continuous
liquid-liquid extractor, and extracted using the solvent and conditions specified in Table 1. The
extract is concentrated to an appropriate final volume using either the Zymark nitrogen blow-down
concentrator (SL-SOP EX50) or the Kuderna Danish concentration procedure (SL-SOP EX51).

2.2 This SOP is based on the guidance in SW-846 Method 3520C and the extraction sections of the
EPA 600-series methods.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedure that you do not
understand or that will put you or others in potentially hazardous situations.

3.2 This SOP contains procedures that are designed to reduce the exposure of lab personnel to
solvent vapors and to minimize the amount of solvent introduced into the lab air. All solvent
transfer steps should be performed quickly and under a hood, if possible. Use the minimum
amount of solvent to get the job done. Do not allow open containers of solvent or extracts to
evaporate into the lab.

3.3 A lab coat or apron should be worn to protect clothing and skin from acids, bases, and solvents.
Gloves must be worn to protect hands and eye protection (goggles or safety glasses) must be worn
at all times in the lab. An analyst must not work alone in an isolated area.

3.4 A solvent such as methylene chloride can cause a burning sensation if it contacts the skin. The
rapid evaporation of the solvent causes a rapid heat loss in the skin similar to frost bite. If solvent
contracts the skin, wash the exposed skin in cold water to reduce the solvent evaporation.

3.5 The analyst should become familiar with the Material Safety Data Sheets (MSDS) for each reagent
and standard used in the extraction lab.

4.0 INTERFERENCES

4.1 Improperly cleaned glassware can contribute interferences to the sample extract. Material that is
left inside the extractor after cleaning may show up in the next extraction. The glassware must be
properly cleaned according to SL SOP AN60. After cleaning, inspect the glassware for the
presence of water, especially in the small tubing of the extractor. This water can block the solvent
return tube and prevent efficient extraction of the sample. A thorough acetone rinsing will help to
eliminate or minimize this problem.
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4.2 Sample with large amounts of sediments or particulate may clog the solvent return line. A layer of
glass wool, placed in the bottom of the extractor, may be helpful when sediments or particulate are
present.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Aqueous samples are routinely collected in 1-L amber glass containers equipped with Teflon-lined
caps. No preservative is required and an orange dot is affixed to the container to indicate this. The
sample is stored at 4°C± 2°C in the lab. The sample must be extracted within seven (7) days of
collection and the extract must be analyzed within forty (40) days of extraction.

6.0 APPARATUS AND MATERIALS

6.1 Continuous liquid-liquid extractor with compatible condenser, extractor body, and receiving flask.

6.2 Heating mantle and adjustable support. The heating mantle must be connected to a rheostat to
control the temperature.

6.3 Rheostat or variable transformer

6.4 Teflon stoppers to fit the receiving flask

6.5 Filter paper-grade 414,18.5cm diameter (VWR 28320-143)

6.6 Glass funnels

6.7 Pyrex glass wool - purified by Soxhlet extraction with methylene chloride.

6.8 Disposable volumetric pipettes - 1.0-mL and 10-mL

6.9 Boiling stones-Soxhlet extracted with methylene chloride

6.10 Wide range pH paper

7.0 REAGENTS

7.1 Reagent water - lab generated deionized water

7.2 Methylene chloride - residue grade or better

7.3 Acetone - residue grade or better

7.4 Sodium hydroxide (NaOH) - reagent grade

7.5 Sodium hydroxide solution (1 ON): Dissolve 400g of NaOH pellets into about 500mL of reagent
water contained in a 2-L beaker on a magnetic stirrer. Add the NaOH in small portions, with
constant stirring, to minimize the time it takes to dissolve the pellets. A good deal of heat will be
generated as the NaOH dissolves. After all 400g has been added, carefully dilute to 10OOmL with
reagent water. Mix the solution thoroughly and transfer to a storage container. Do not store
sodium hydroxide solution in volumetric glassware or in containers with ground glass joints.

7.6 Sulfuric acid (H2SO4) - concentrated reagent grade

7.7 Sulfuric acid solution (1:1 v/v): Slowly and carefully add 550mL of concentrated HzSO4 to SOOmL of
reagent water contained in a 2-L beaker on a magnetic stirrer. Add the acid in small portions with
constant stirring to reduce the heat evolved when the acid and water are combined. Cool and
transfer the solution to a labeled storage container.
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7.9 Sodium sulfate-anhydrous, granular, purified by heating for 4 hours at 400C in a shallow tray.
Store in glass containers

8.0 STANDARDS

The preparation of the surrogate and matrix spiking solutions are described in SL SOP EX70:
Preparation of Semivolatile Surrogates and Matrix Spiking Solutions. Table 2 is a summary of the
spiking solutions used for the various analytical extraction methods. All preparation steps must be
tracked in accordance with SL SOP AN41 -.Standard Material Traceability.

The tables included in SOP EX70 describe "recipes" that can be used to prepare the spiking
solutions. The lab can prepare larger or smaller volumes if desired. The recipe used by the lab
may be prepared as a "controlled posting" to prompt the analyst in the preparation of the spiking
solutions. The controlled posting can be posted in the lab or placed in the extraction lab tracking
log.

9.0 SAMPLE PREPARATION
The samples and QC items must be clearly and unambiguously labeled during each step of the
extraction and analysis process. Labeling tape should be used to identify the glassware
associated with each sample. Solvents will erase grease pens and "Sharpies". Use of different
colored labeling tape will aid the analyst in keeping up with the extracts during each step of the
extraction and concentration.

9.1 Sample Evaluation

9.1.1 Remove the samples to be extracted from the storage refrigerator. Allow the samples to
equilibrate to room temperature while the appropriate glassware is gathered and prepared for the
extraction. Fill out as much of the extraction log as possible prior to initiating the extraction.

9.1.2 Inspect the samples. Determine if the samples have multiple layers such as sediment or an oil
layer. Consult with the supervisor or technical manager if the sample matrix is unusual or is difficult
to categorize or handle.

9.1.3 Mark the level of the sample on the outside of the container. After the sample has been added to
the extractor body, fill the empty container with water to the mark. Pour the water into a
graduated cylinder and determine the volume. Record the volume in the extraction log to the
nearest 5mL..

NOTE: If a reduced volume of sample must be extracted in order to provide sufficient sample
volume to meet state or other program QC requirements, the sample is thoroughly mixed and an
aliquot is measured with a graduated cylinder and poured into the extractor body. The following
volumes are utilized for TCLP samples for BNA and pesticides:

TCLP PARAMETER
BNA by GC/MS (8270)
Pesticides by GC (8080)

Volume of Sample Extracted(mL)
200
20

Final Volume (mL)
1.0
10

9.1.4 Adjust the pH of the samples to the range specified in Table 1. The pH should be adjusted by
adding small aliquots of 10N su If uric acid or 10N sodium hydroxide directly to the sample container.
Shake the sample container to mix the sample with the acid or base. Check the pH after each
addition with wide range paper. Do not dip the paper into the sample. Use a glass rod or pipette to
remove a small aliquot of sample and touch the liquid to the pH paper.

NOTE: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide will cause the
pH of the sample to increase.

9.2 Glassware Preparation
Process glassware and samples (Sections 9.2 through 9.4) in batches not greater than 20 field
samples and QC in order to minimize the evaporation of methylene chloride into the lab.
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9.2.1 Prepare the continuous liquid-liquid extraction apparatus by rinsing the extractor body, receiving
flask, and condenser with acetone. Pay particular attention to the solvent return line for the
presence of water drops or solids.

9.2.2 Set the extractor body on the holder. Add methylene chloride (50-100ml) to the extractor body in
order to fill the drain tube and ensure that a continuous flow of solvent from the extractor body to
the receiving flask is maintained.

NOTE: Inspect the solvent layer when the sample is added. Large quantities of sediment may plug
the tube and extraction will not occur. The newest extractor bodies have been re-designed to
reduce the amount of solvent necessary to ensure a continuous flow of solvent. Use the amount of
solvent-50ml_ or 100ml_- necessary to allow the extractor to function properly.

9.2.3 In a fume hood, add 100mL to 175mL of methylene chloride to the receiving flask and add a few
boiling stones to the flask. Add the same volume to each flask in the batch. Leave the receiving
flask with the methylene chloride under the hood until ready to attach it to the extractor or cover
tightly with aluminum foil.

9.3 Attach the receiving flask to the extractor body and secure the heating mantle around the flask.

9.4 As soon as possible after the methylene chloride is added to the extractor, gently pour the entire
sample into the extractor body, trying not to let the sample leak into the sidearm. The extractor
body will be approximately !4 to 2/3 full and the methylene chloride in the solvent return should be
about 3/4 of the way to the receiving flask.

NOTE: The lab has the option of using an aliquot of sample if the final volume of the extract is
adjusted to compensate for the reduced volume of sample. In some cases, the volume of sample
must be reduced in order to have sufficient sample to extract matrix spikes as required by a state or
other program quality assurance plan or regulation. In this case, the volume of surrogate and
matrix spiking solution added to the sample should also be reduced proportionately .

9.5 Add 1 .OL aliquots of reagent water to each of two separate extractors to serve as the method blank
and lab control sample (LCS). The reagent water should be adjusted to the pH conditions listed in
Tablel.

EXTRACTION BATCH: An extraction bath consists of up to twenty (20) field samples and the
following QC items: method blank, LCS, MS, and MSD. If insufficient sample is available to
perform the MS and MSD, the LCS is extracted in du plicate (LCS D) and the extraction log is
stamped: INSUFFICIENT SAMPLE AVAILABLE TO PERFORM MS/MSD.

9.6 Addition of Surrogates and Matrix Spikes
The surrogate and matrix spiking solutions are set up so that 1 .Oml of the solution will be added .
Be sure to use the correct solutions for the extraction of concern. The addition of the surrogates
and matrix spikes should be witnessed by another analyst to ensure that the proper volume of the
spiking solution is added to each sample.

9.6.1 Add 1 .Oml of the surrogate spiking solution to each sample and QC item.

NOTE: If the volume of sample extracted must be reduced to provide sufficient sample to meet
state or other program requirements, the volume of surrogate spiking solution must be reduced
proportionately.

9.6.2 Add 1 .Oml of the matrix spiking solution to each LCS, MS, and MSD.

NOTE: If the volume of sample extracted must be reduced to provide sufficient sample to meet
state or other program requirements, the volume of matrix spiking solution must be reduced
proportionately.

EX30-Page 4 of 8
—— ~ SAVANNAH LABORATORIES

I fNWAONMCNTAl SEffWCCS. «VC.



EX30:02.19.98:1

9.7 Slowly add reagent water to the extractor body until the level of the liquid causes the methylene
chloride to just flow over to the receiving flask.

9.8 Place the condenser securely on the extractor body. Make sure that water is flowing through the
condenser and turn the heating mantle on. Observe the extraction for the first hour or so to ensure
that the solvent is being boiled, condensed, and returned to the receiving flask. Extract the
samples for the time listed in Table 1. The batch is labeled with the start time and the scheduled
stop time. I f a single pH extraction is performed, go to 9.11; if a two-pH extraction must be
performed, continue at 9.9.

9.9 If a dual pH extraction is required, turn the heating mantle "off to stop the extraction at the
appropriate time and allow the extraction vessel to cool. Adjust the pH of the sample by adding
small aliquots of 10N sulfuric acid or 10N sodium hydroxide. Stir the sample with a glass rod or
pipette and check the pH after each addition . Do not dip the pH paper into the sample but use a
glass rod or pipette to remove a small aliquot of the sample and touch the liquid to the pH paper.

NOTE: Sulfuric acid will cause the pH of the sample to decrease; sodium hydroxide will cause the
pH of the sample to increase.

9.10 Turn the heating mantle "on" and extract the sample at the second pH for the time listed in Table
1. The batch is labeled with the start time and the scheduled stop time

9.11 After the samples have extracted for the required time, turn the heating mantle "off" and allow the
extraction vessel to cool to room temperature. It is important to allow the receiving flask to cool
before it is removed from the extractor.

9.12 Remove the receiving flask from the extractor body and cover it with a Teflon stopper. The extract
is stored under near a hood until the filtration and concentration step is performed.

9.13 Working under a hood, place a piece of filter paper into a glass funnel and add a small amount of
purified sodium sulfate. Filter the extract through the glass funnel and collect the extract directly
into a labeled Zymark tube. Discard the filter paper and sodium sulfate into a waste container which
is kept under the hood until removed from the laboratory. The extract is now ready for
concentration using the Zymark instrumental. SOP EX50) and should be kept under a hood
tightly covered with aluminum foil until the concentration step. The extract may also be
concentrated using the Kuderna-Danish extract evaporation(SL SOP EX51).

NOTE: Perform the extract filtration and drying steps in batches to minimize the loss of solvent into
the lab. Cover the remaining containers tightly with aluminum foil and leave under or near a hood.

After the extractshave been dried and filtered, dispose of the filter paper and sodium sulfate by
putting them in a chlorinated solvent waste container that is kept under the hood.

NOTE: If the volume of sample extracted has been reduced to provide sufficient sample to meet
state or other program QC requirements, the final volume of the extract must be reduced
proportionately.

9.14 Rinse the ground-glass joint of the condenser with acetone and wrap in aluminum foil before
placing the condenser in the rack. Collect the acetone rinsate in a separate container for disposal.

9.15 After the receiving flask has been removed from the extractor body, the methylene chloride
remaining in the extractor body must be properly disposed. The extractor should be handled with
minimum agitation to minimize the amount of solvent allowed to evaporate into the lab and stored
in the chlorinated solvent waste container. Place the receiving flask side-arm over the chlorinated
waste container. Add tap water to the extractor body to displace the methylene chloride into the
waste container

The liquid remaining in the extractor body should be poured carefully down the sink and flushed
continuously with water.
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10.0 PROCEDURES

No items in this revision.

11.0 DATA ANALYSIS/CALCULATIONS

No items in this revision.

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch consists of up to twenty (20) client samples and the associated quality control
items. The quality control items consist of a method (reagent) blank, a lab control standard (LCS),
a matrix spike (MS), and a matrix spike duplicate (MSD). If insufficient sample is available for the
MS/MSD, the LCS is prepared in duplicate.

SL SOP AN02: Analytical Batching contains guidance for evaluating the QC in an analytical batch.

12.2 The lab must perform a method detection limit (MDL) study annually in each matrix in accordance
with SL SOP CA90: Procedure for the Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

No items in this revision.

14.0 TROUBLESHOOTING

No items in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories
Corporate Quality Assurance Plan, current revisions.

15.2 Test Methods for Evaluating Solid Waste, Third Edition, SW-846; vs. EPA Office of Solid Waste
and Emergency Response: Washington, DC.
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Table 1 -Surrogate and Matrix Spiking Solutions

0)r

METHODS

604
8040/8041
606,8060,8061
607,8070
608
8080,8081
8080,8081
8080,8081
609,8090
610
8100
611,8110
612,8120
614,614.1,622,
622.1
8140,8141

617
619/620

627
625
8270-TCL
8270-K001
8270-TCLP, AP9
8015-EXT

TYPES OF COMPOUNDS

Phenols by GC-FID
Phenols by GC-FID
Phthalate esters by GC-FID
Nitroaromatics by GC-FID
Chlorinated pesticides and PCBs
Chlorinated pesticides and PCBs
PCBs
Chlorinated pesticides-TCLP
Nitrosamines by GC-FID
PAH by GC-FID
PAH by GC-FID
Halogenated ethers by GC/EC
Chlorinated hydrocarbons
Phosphorous and nitrogen
containing pesticides
Phosphorous and nitrogen
containing pesticides
Chlorinated pesticides
Phosphorous and nitrogen
containing pesticides
Chlorinated pesticides
BNA
BNA
BNA
BNA
Petroleum products

SURROGATE
SPIKING SOLUTION

SG ACID
SG ACID
SG BASE

8141
PEST
PEST
PEST
PEST

SG BASE
SG BASE
SG BASE

PEST
PEST
8141

8141

PEST
8141

PEST
625/8270
625/8270
625/8270
625/8270
SG BASE

MATRIX SPIKING SOLUTION

604
8040

606/8060
target compounds

608
8080
PCB

TCLP-PEST
target compounds

610
8100

target compunds
target compunds
target compunds

8141

target compunds
target compunds

target compunds
625
8270

K001(8270)
TCLP-8270

Diesel-80 15-mod
Mineral spirits-8015-mod

ii
1!
ii32
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Table 2 -Extraction Conditions

METHODS

604,8041
606,8061
607,8070
608,8080.8081

609,8090
610,8100
611,8110
612,8120
614,614.1,622,
622.1,8141

617

619

627

8270-
TCL.K001
625,
8270-TCLP

1 8270-AP9
I8015-EXT

EXTRACTION CONDITIONS

Single pH <2
Single pH as received or at pH<2
Single pH as received or at pH<2
Single pH at neutral pH (5-9). pH range
is critical for good recovery of some
target compounds
Single pH as received or at pH<2
Single pH as received or at pH<2
Single pH as received or at pH<2
Single pH as received or at pH<2
Single pH at neutral pH (5-9). pH range
is critical for good recovery of some
target compounds
Single pH at neutral pH (5-9). pH range
is critical for good recovery of some
target compounds
Single pH at neutral pH (5-9). pH range
is critical for good recovery of some
target compounds
Single pH at neutral pH (5-9). pH range
is critical for good recovery of some
target compounds
Single pH <2

Dual pH at pH<2 followed by pH>12

Dual pH at pH<2 followed by pH>12
Single pH as received or at pH<2

EXTRACTION
TIME(hr.)

>12
>12
>12
>12

>12
>12
>12
>12
>12

>12

>12

>12

>12

18/18

>12/>12
>12

SOLVENT

MeCI2
Mecl2
MeCI2
MeCI2

MeCI2
MeCI2
MeCI2
MeCI2
MeCI2

MeCI2

MeCI2

MeCI2

MeCI2

MeCI2

MeCI2
MeCI2

FINAL
SOLVENT

MeCI2
MeCI2
MeCI2
Hexane

MeCI2
MeCI2
MeCI2
MeCI2
Hexane

Hexane

Hexane

Hexane

MeCI2

MeCI2

MeCI2
MeCI2

FINAL
VOLUME(mL)

1.0
1.0
1.0
10

1.0
1.0
1.0
1.0
10

10

10

10

1.0

1.0

1.0
1.0

II
ll
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Approval
Signature:

R. W/yneRobbins / /
Title: Corporate QA Manager Date :

ULTRASONIC EXTRACTION

1.0 SCOPE AND APPLICATION

This SOP describes the process for extracting semivolatile organic compounds (SVOC) from solid matrices by
ultrasonic (sonication) extraction. This procedure is applicable to soils, sediments, sludges, and wastes.

2.0 SUMMARY OF METHOD

2.1 A known weight of a sample (approximately 30g wet weight) is combined with anhydrous, purified sodium
sulfate to form a free flowing, sandy mixture. A solvent, usually 1:1 acetone/methylene chloride, is added to the
dried sample and the sample is extracted using an ultrasonic disrupter for three (3) minutes. The solvent is
decanted and the extraction is repeated two more times. The extract is filtered and concentrated to an
appropriate final volume.
Table 1 defines the extraction conditions.

NOTE: The lab has the option of extracting a sample aliquot equal to 30g on a dry weight basis.

2.2 This procedure is based on SW-846 Method 3550B.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not understand
or that will put you or others in potentially dangerous situations.

3.2 This SOP contains procedures that are designed to reduce the exposure of lab personnel to solvent vapors and
to minimize the amount of solvent introduced into the lab air. All solvent transfer steps should be performed
quickly and under a hood, if possible. Use the minimum amount of solvent to get the job done. Do not allow
open containers of solvent or extracts to evaporate into the lab.

3.3 A lab coat or apron should be worn to protect clothing and skin from acids, bases, and solvents. Gloves must
be worn to protect hands and eye protection (safety glasses, goggles) must be worn at all times in the lab. An
analyst should not work alone in an isolated area.

3.4 A solvent such as methylene chloride can cause a burning sensation when it contacts the skin. The rapid
evaporation of the solvent causes a rapid heat loss in the skin which is similar to.frost bite. If this occurs, was
the exposed skin in cold water to reduce the solvent evaporation.

3.5 The analyst should become familiar with the Material Safety Data Sheets (MSDS) for each reagent used in the
extraction lab.
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4.0 INTERFERENCES

Improperly cleaned glassware or equipment can contribute interferences to the sample extract. A thorough
acetone rinsing will help to eliminate or minimize this problem.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Soils, sediments, sludges, and wastes are collected in glass containers equipped %vith Teflon-lined caps. The
normal container is 500-mL glass. Larger or smaller containers may be supplied. The sample is not preserved
and should have an orange dot affixed to indicate this. The samples are stored at 4C ± 2C in the lab. The hold
time for SVOC in solid matrices is 14 days from the date of collection. The extract must be analyzed within 40
days of extraction.

6.0 APPARATUS AND MATERIALS

6.1 Ultrasonic disrupter: Tekmar Model or equivalent with 3/< inch horn-type titanium-tipped sonication probe.
The sonicator should be capable of operating in the pulse mode at full power.

6.2 Sonabox - the sonicator should be placed in the sonabox to reduce noise. The sonabox must be placed under a
fume hood.

6.3 Pre-cleaned 500ml extraction bottles (P/N SAV-145). Discard the bottles after use.

6.4 Large glass funnels

6.5 Filter paper-18.5cm

6.6 Pyrex glass wool - purchased purified or extracted with methylene chloride for a minimum of four (4) hours.

6.7 Stainless steel spatulas

6.8 Small cups or beakers for optional pH measurement.

6.9 wide range pH paper

6.10 Disposable volumetric pipets

6.11 Top-loading balance - capable of weighing to 0.1 g. The balance calibration must be verified according to SL
SOP AN 10 each time the balance is used.

7.0 REAGENTS

7.1 Sodium sulfate, powdered and granular, anhydrous - purified by heating at 400C for four (hours) in a shallow
tray.

7.2 Methylene chloride - residue grade or better

7.3 Acetone - residue grade or better

7.4 1:1 acetone/methylene chloride: Mix equal volumes of acetone and methylene chloride in an appropriate glass
container.
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8.0 STANDARDS

The preparation of the surrogate and matrix spiking solutions are described in SL SOP EX70: Preparation of
Semivolatile Surrogates and Matrix Spiking Solutions. Table 2 is a summary of the spiking solutions used for
the various analytical extraction methods. All preparation steps must be tracked in accordance with SL SOP
AN41 '.Standard Material Traceability.

The tables included in SOP EX70 describe "recipes" that can be used to prepare the spiking
solutions. The lab can prepare larger or smaller volumes if desired. The recipe used by the lab may be
prepared as a "controlled posting" to prompt the analyst in the preparation of the spiking solutions. The
controlled posting can be posted in the lab or placed in the extraction lab tracking log.

9.0 SAMPLE PREPARATION

9.1 Extraction Glassware Set-up

9.1.1 Remove samples to be extracted from the storage refrigerator and allow the samples to come to room
temperature while the extraction glassware is being prepared.

9.1.2 Collect the appropriate glassware and rinse with acetone prior to use. Use the minimum amount of solvent to
rinse the glassware.

9.1.3 Fit a filter pad into a large funnel and rinse the filter paper/funnel with acetone.

9.2 Sample Extraction

Record as much information on the extraction log as possible before beginning the extraction to minimize the
number of entries required during the extraction. The extraction steps from weighing to the sonication should
be carried out quickly to minimize the loss of S VOC through evaporation.

9.2.1 Open the sample container and inspect the sample. Remove any materials such as rocks, sticks, leaves, etc.
Using a stainless steel spatula, thoroughly homogenize the sample, mixing in any water that may be present on
top of the sediment or soil. Use a separate spatula for each sample to prevent cross-contamination of the
samples.

NOTE: If it is difficult to homogenize the sample or if the sample matrix is difficult to characterize, contact the
supervisor before preceding with the extraction. A careful inspection of the sample at this point can save time
and effort later on in the analysis.

9.2.2 Weigh 30.0 - 30.5g of the homogenized sample into a pre-cleaned, labeled 500-mL extraction bottle. Record
the weight for all samples in this batch.

NOTE: The lab has the option of weighing an aliquot of sample equal to 30g on a dry weight basis.

Weight 30g of powdered, purified sodium sulfate into each of two separate extraction vessels to serve as the
method blank and lab control spike (LCS).

Weigh two additional 30g portions of a sample in the batch selected as the matrix spike (MS) and matrix spike
duplicate(MSD). The MS/MSD may be specified by the client or may be chosen from the samples in the batch.

NOTE: Each extraction batch of twenty or fewer samples will have the following QC items: method blank,
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LCS, LCSD, MS, and MSD. If there is not enough sample to perform the MS/MSD, the extraction log must be
stamped "INSUFFIECIENT SAMPLE WAS AVAILABLE TO PERFROM THE MS/MSD" and the LCS
extracted in duplicate(LCSD).

9.2.3 Add approximately 60g of powdered, purified sodium sulfate to each sample and MS/MSD and stir with
a glass rod or stainless steel spatula to form a sandy, free-flowing mixture. The sodium sulfate combines
with the water in the sample to "dry" the sample (remove the water). Additional sodium sulfate may be
required if the sample is very wet.

NOTE: The next steps should be performed immediately after the sodium sulfate is added to minimize the loss
of SVOC due to evaporation

9.2.4 Add 1 .OmL of the appropriate surrogate spiking solution (Table 1) to the method blank, LCS, MS, MSD and
each sample in the batch.

9.2.5 Add 1,0ml of the appropriate matrix spiking solution (Table 1) to the LCS, MS, and MSD. Place the
extraction bottle under the hood near the sonicator

9.2.6 Working tinder a hood, immediately add 1:1 acetone/methylene chloride to the cover the sample approximately
one inch above the solids. Stir the sample to break up any lumps that may have formed.

9.2.7 Check the "tune" of the sonicator using the procedure tested in SL SOP AN15: Tekmar Sonic Dismembrator
Tuning Procedure.

9.2.8 Place the tip of the sonicator horn in the center of the beaker about !/3 inch below the surface of the solvent but
above the solid portion. More solvent may be added to bring the level to approximately one inch above the
solid layer.

9.2.9 Sonicate for three (3) minutes with output control knob set at 10, mode switch to pulse, and percent duty cycle
set at 50% If the sonication is properly performed, the solids and solvent will vigorously mix each time the
sonicator pulses.

9.2.10 Decant the extract through the filter funnel and collect the extract in a beaker or directly in a labeled,
"elongated" Zymark tube. The elongated tubes hold approximately 225mL of solvent; therefore, it is desireable
to limit the volume of the three extracts to 225mL. If the sample is very wet and requires a large amount of
sodium sulfate and a larger volume of solvent, the extracts are collected in separate Zyamrk tubes and
combined prior to analysis to analysis.

9.2.11 Repeat steps 9.2.6 through 9.2.10 two more times with fresh portions of methylene chloride and collect the
extract in the Zymark tube. Cover the Zymark tube with aluminum foil and leave it under the hood until the
concentration step.

NOTE: Clean the sonicator horn between samples by rinsing with acetone. "Sonicate" an extraction bottle of
acetone for 3 minutes with output control at 5 to further clean the horn (sodium sulfate may be added to the
beaker to prevent cracking).

9.2.13 Dispose of extraction bottle and sample residue by placing in a chlorinated solvent waste container which is
kept under a hood until removed from the laboratory.
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10.0 ANALYTICAL PROCEDURE

No items in this revision.

11.0 CALCULATIONS

No items in this revision.

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch consists of up to twenty (20) client samples and the associated quality control items. The
quality control items consist of a method (reagent) blank, a lab control standard (LCS), a matrix spike (MS),
and a matrix spike duplicate (MSD). If insufficient sample is available for the MS/MSD, the LCS is prepared
in duplicate.

SL SOP AN02: Analytical Batching contains guidance for evaluating the QC in an analytical batch.

12.2 The lab must perform a method detection limit (MDL) study annually in each matrix in accordance with SL
SOP CA90: Procedure for the Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

No items in this revision.

14.0 TROUBLESHOOTING

No items in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories Corporate
Quality Assurance Plan, current revisions.

15.2 Test Methods for Evaluating Solid Waste, Third Edition, SW-846; vs. EPA Office of Solid Waste and
Emergency Response: Washington, DC.
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Table 1 -Surrogate and Matrix Spiking Solutions

METHODS

8040/8041
8060,8061
8081,8082

8082
8081
8100
8140,8141

8270-TCL
8270-K001
8015-EXT

TYPES OF COMPOUNDS

Phenols by GC-FID
Phthalate esters by GC-FID
Chlorinated pesticides and
PCBs
PCBs
Chlorinated pesticides-TCLP
PAH by GC-FID
Phosphorous and nitrogen
containing pesticides
BNA
BNA
Petroleum products

SURROGATE
SPIKING
SOLUTION
SO ACID
SG BASE
PEST

PEST
PEST
SG BASE
8141

625/8270
625/8270
SG BASE

MATRIX SPIKING
SOLUTION

8040
606/8060
8080

PCB
TCLP-PEST
8100
8141

8270
KOO 1(8270)
Diesel-80 15-mod
Mineral spirits-80 15-mod

Table 2 -Extraction Conditions
METHODS

8040,8041
8060,8061
8081,8082

8100
8140,8141

8270-TCL,K001
8015-EXT

TYPES OF COMPOUNDS

Phenols by GC-FID
Phthalate esters by GC-FID
Chlorinated pesticides and
PCBs
PAH by GC-FID
Phosphorous and nitrogen
containing pesticides
BNA
Petroleum products

EXTRACTION
CONDITIONS
As received
As received
As received

As received
As received

As received
As received

SOLVENT

1 1 Ace/MeC12
1 1 Ace/MeCI2
1 1 Ace/Hexane

1 1 Ace/MeC12
1 1 Ace/Hexane

1 1 Ace/MeC12
1 1 Ace/MeC12

FINAL
SOLVENT
MeC12
MeCI2
Hexane

MeC12
I lexane

MeC12
MeC12

FINAL VOLUMH(niL)

1.0
1.0
lOmL

l.OmL
lOmL

1 .OmL
LOmL

0)r
tiI» I
ScIS
82
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Approval
Signature:__

/R. Wayne96bWn/s
Title: Corporate QA Manager Date:

/
EXTRACTION OF CHLORINATED HERBICIDES IN WATER, SOILS, AND WASTES

1.0 SCOPE AND APPLICATION

This SOP describes the process for extracting chlorinated phenoxy herbicides from aqueous
samples, soils and sediments, and solid matrices.

2.0 SUMMARY OF METHOD

2.1 A known volume of aqueous sample, nominally SOOmL, is transferred to a Teflon or glass
separatory funnel. The sample is made basic (pH>12) by adding sodium hydroxide and allowed to
hydrolyze for at least one hour. The hydrolysis step is necessary to convert herbicides in the acid
or ester form to the corresponding water-soluble salt. The sample is extracted with diethyl ether to
remove non-target compounds (the herbicide salts remain in the water). The sample is
acidified to convert the herbicide salts to the acid form and extracted with diethyl ether. The
diethyl ether extract is concentrated and the herbicides are converted to methyl esters by
diazomethane esterification. The methyl esters are solubilized in hexane and analyzed by
GC/electron capture (SL SOP SG65).

2.2 A known weight of a sample (approximately 30g wet weight) is acidified with HCI and combined
with acidified sodium sulfate to form a free flowing, sandy mixture. 1:1 acetone/methylene
chloride is added to the dried sample and the sample is extracted using an ultrasonic disrupter for
three (3) minutes. The solvent is decanted, collected and the extraction is repeated two more
times. The extract is concentrated and hydrolyzed with KOH using a Kuderna-Danish apparatus.
The extract is transferred to a Teflon or glass separatory funnel, adjusted to pH>12 if necessary,
and extracted with methylene chloride to remove non-target compounds (the herbicide salts
remain in the water). The extract is treated in the same manner as aqueous sample extracts
from this point forward.

NOTE: The lab has the option of extracting a sample aliquot equal to 30g on a dry weight basis. It
is the responsibility of the lab to demonstrate that this extra weight of sample does not affect the
extraction efficiency.

2.3 A known weight of waste, nominally 1g, is diluted to 10mL with diethyl ether. The extract is
transferred to a separatory funnel containing SOOmL of reagent water that has been adjusted to a
pH >12 with sodium hydroxide. The sample is allowed to hydrolyze for one hour under basic
conditions and is treated in the same manner as an aqueous sample from this point forward.

2.4 This procedure is based on SW-846 Method 8151A.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or that will put you or others in potentially dangerous situations.
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3.2 This SOP contains procedures that are designed to reduce the exposure of lab personnel to
solvent vapors and to minimize the amount of solvent introduced into the lab air. All solvent
transfer steps should be performed quickly and under a hood, if possible. Use the minimum
amount of solvent to get the job done. Do not allow open containers of solvent or extracts to
evaporate into the lab.

3.3 A lab coat or apron should be worn to protect clothing and skin from acids, bases, and solvents.
Gloves must be worn to protect hands and eye protection (safety glasses, goggles) must be worn
at all times in the lab. An analyst should not work alone in an isolated area.

3.4 Diethyl ether is a flammable solvent that can cause drowsiness. The extraction analyst using
diethyl ether must not work alone in an isolated area of the lab. A solvent such as diethyl ether
can cause a burning sensation when it contacts the skin. The rapid evaporation of the solvent
causes a rapid heat loss in the skin which is similar to frost bite. If this occurs, rinse the exposed
skin in cold water to reduce the solvent evaporation.

3.5 The lab should keep the minimum supply of diethyl ether. Diethyl ether will from explosive
peroxides if stored in the lab for long periods of time. Opened containers of diethyl ether should
be checked periodically for peroxides using peroxide test strips.

3.6 The analyst should become familiar with the Material Safety Data Sheets (MSDS) for each
reagent used in the extraction lab.

4.0 INTERFERENCES

4.1 Improperly cleaned glassware can contribute interferences to the sample extract. Material that is
left inside the extraction vessels and glassware after cleaning may show up in the next extraction.
The glassware must be properly cleaned according to SL SOP AN60.

4.2 Samples with high levels of organic material (oils, particulates, etc.) may cause the formation of
emulsions during the extraction. Emulsions will occur most readily during the "base shake" to
remove the non-target compounds. The extract may be filtered or stirred to remove the
emulsion or may be "salted out" by the addition of sodium chloride.

4.3 The glassware used for herbicides should not be used to extract or concentrate dioxins and
furans. Several of the herbicides are precursors to the formation of dioxins or are associated with
the presence of dioxins in the environment

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5.1 Aqueous samples are routinely collected in 1-L amber glass containers equipped with Teflon-lined
caps. No preservative is required and an orange dot is affixed to the container to indicate this.
The sample is stored at 4°C± 2°C in the lab. The sample must be extracted within seven (7) days
of collection and the extract must be analyzed within forty (28) days of extraction. TCLP leachate
samples are stored in glass containers at 4°C± 2°C from the TCLP to the extraction. The
extraction must be performed within seven(7) days of the TCLP and the extract analyzed within
forty(28) days of extraction

5.2 Soils, sediments, sludges, and wastes are collected in glass containers equipped with Teflon-lined
caps. The normal container is 500-mL glass. Larger or smaller containers may be supplied. The
sample is not preserved and should have an orange dot affixed to indicate this. The samples are
stored at 4C ± 2C in the lab. The hold time for SVOC in solid matrices is 14 days from the date of
collection. The extract must be analyzed within 28 days of extraction.
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6.0 APPARATUS AND MATERIALS

6.1 Separatory funnels - 1-L and 2-L, Teflon with Teflon stopcocks. Glass funnels may also be used.

6.2 Chromatography columns

6.3 Small funnels

6.4 Pyrex glass wool - purified by Soxhlet extraction with methylene chloride. The glass wool should
be rinsed with acidified methanol prior to use.

6.5 Disposable, glass volumetric pipettes - 1.0-mL and 10-mL

6.6 Stainless steel spatulas

6.7 Wide range and narrow range pH paper

6.8 Pre-cleaned 500ml extraction bottles, P/N SAV-145. Discard after use.

6.9 1-L pre-cleaned containers. This is the same container used to collect the sample and can be
used to collect the aqueous phase during cleanup. Discard after use.

6.10 Ultrasonic disrupter: Tekmar Model or equivalent with horn-type titanium-tipped sonication probe.
The sonicator should be capable of operating in the pulse mode at full power.

6.11 Sonabox - the sonicator should be placed in the sonabox to reduce noise. The sonabox must be
placed under a fume hood.

6.12 Filter paper-grade 414,18.5cm diameter (VWR 28320-143)

6.13 Disposable volumetric pipets

6.14 Top-loading balance - capable of weighing to 0.1g. The balance calibration must be verified
according to SL SOP AN 10 each time the balance is used.

6.15 12mL vials with Teflon-lined caps.

6.16 Diazomethane generator

7.0 REAGENTS

7.1 Reagent water-lab generated deionized water

7.2 Sodium sulfate, powdered and granular, anhydrous - purified by heating at 400C for four (hours)
in a shallow tray.

7.3 Acidified sodium sulfate-Transfer purified sodium sulfate to a suitable glass container until the
container is about % full. Working under a hood, add enough diethyl ether to wet the sodium
sulfate. Add 1-2mL of concentrated sulfuric acid for each kilogram of sodium sulfate and stir to
mix the acid into the solvent and sodium sulfate. Add more diethyl ether to keep the sodium
sulfate wetted while stirring the sodium sulfate. The acid must be thoroughly mixed into the
sodium sulfate and diethyl ether. Pour off the excess solvent and allow the ether to evaporate
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under a hood for 24 hours. Store in a glass container. Check the pH of the acidified sodium
sulfate by mixing 1g and 5mL of water in a small container. The pH of the solution should be less
than 4.

7.4 Acetone - residue grade or better

7.5 1:1 acetone/methylene chloride: Mix equal volumes of acetone and methylene chloride in an
appropriate glass container.

7.6 Methanol - residue grade or better

7.7 Diethyl ether-residue grade or better. Check periodically for formation of peroxides.

7.8 Sodium hydroxide (NaOH) - reagent grade

7.9 Sodium hydroxide solution (10N): Dissolve 400g of NaOH pellets into about 500ml of reagent
water contained in a 2-L beaker on a magnetic stirrer. Add the NaOH in small portions, with
constant stirring, to minimize the time it takes to dissolve the pellets. A good deal of heat will be
generated as the NaOH dissolves. After all 400g has been added, carefully dilute to 1000ml with
reagent water. Mix the solution thoroughly and transfer to a storage container. Do not store
sodium hydroxide solution in volumetric glassware or in containers with ground glass joints.

7.10 Sulfuric acid (H2SO4) - concentrated reagent grade

7.11 Sulfuric acid solution (1:1 v/v): Slowly and carefully add 550ml of concentrated H2SO4 to 500mL
of reagent water contained in a 2-L beaker on a magnetic stirrer. Add the acid in small portions
with constant stirring to reduce the heat evolved when the acid and water are combined. Cool and
transfer the solution to a labeled storage container.

7.12 Hydrochloric acid (HCI)-concentrated, reagent grade

7.13 Potassium hydroxide-reagent grade

7.14 Potassium hydroxide solution(37%)-weight 37g of KOH into a 100ml volumetric flask and dilute to
volume with reagent water.

7.15 Acidified methanol (approximately 0.12N). Carefully add 5ml of concentrated HCI to 400ml of
methanol in a 500ml volumetric flask. Dilute to volume with methanol. Larger volumes may be
prepared.

7.16 Diazald (N-methyl-N-nitroso-toluenesulfonamide)-reagent grade

7.17 Carbitol-reagent grade or better

7.18 Silicic acid

7.19 Hexane-residue grade or better

7.20 Sodium chloride-reagent grade, purified, if necessary, by Soxhlet extraction with
methylene chloride or by heating at 400C for four (hours) in a shallow tray.
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8.0 STANDARDS

The preparation of the spiking solutions must be tracked in accordance with SL SOP
AN41:Stefldarcf Material Traceability. General guidance on the preparation of standards is given in
SL SOP AN43:Standard Preparation. The expiration date of all spiking solutions is 40 days from
date of preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab
should prepare standards from neat materials only if a certified solution is not available. See SL
SOP AN43 for guidance for standard preparation.

8.1 Determine the volume of standard to be prepared and the volume of the stock standard needed to
make the spiking solutions. The following equation can be used:

Cf®Vf
'~ Ci

where
Vi = volume of stock standard ( or initial standard) needed to prepare the spiking solution(mL)
Ci = concentration of stock solution(or initial standard)(uglmL)
Cf= concentration of spiking solution to prepare(ffna/co/icenfrafcn)(ug/mL)
Vf = volume of spiking solution to prepare(fina/ volume)(mL)

The concentration can be expressed in whatever terns the analyst finds most convenient - ug/L,
ug/mL, mg/L, etc. The units must be the same for C/and Cf.

8.2 Preparation of the Herbicide Surrogate Spiking Solution

8151 Surrogate Spiking Solution
Stock Standards

DCAA
(Ultra PPS-165)

Cstock
(ug/mL)
100

Vstock
(ml)
1.0

Vspike
(mL)
50

Cspike
(ug/mL)
2.0

Solvent: Methanol

8.3 Preparation of the Herbicide Matrix Spiking Solutions

8151 Matrix Spiking Solution
Stock Standards

Chlorinated Herbicides Mixture
(Ultra HBM-815A)

Cstock
(ug/mL)
100

Vstock
(mL)
0.50

Vspike
(mL)
50

Cspike
(ug/mL)
1.0

Solvent: Methanol
8151-TCLP Matrix Spiking Solution
Stock Standards

Herbicide TCLP Mix
(Restek 32014)

Cstock
(ug/mL)
2000

Vstock
(mL)
0.025

Vspike
(mL)
50

Cspike
(ug/mL)
1.0

Solvent: Methanol
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8151-Full Target Matrix Spiking Solution
Stock Standards

Chlorinated Herbicides Mixture
8150B(UltraHBM-8150A)
Dicamba, Silvex, 2,4, 5-T
Dinoseb
2,4-D, Dichorprop, 2,4-DB
Dalapon
MCPA, MCPP

Cstock
(ug/mL)

10
50
100
250
10000

Vstock
(mL)
1.0

Vspike
(mL)
20

Cspike
(ug/mL)

0.50
2.5
5.0
12.5
500

Solvent: Methanol

9.0 SAMPLE PREPARATION

The samples and QC items must be clearly and unambiguously labeled during each step of the
extraction and analysis process. Labeling tape should be used to identify the glassware
associated with each sample. Solvents will erase grease pens and "Sharpies." Use of different
colored labeling tape will aid the analyst in keeping up the extracts during each step of the
extraction and concentration

9.1 Extraction of Aqueous Samples and TCLP Leachates

9.1.1 Remove the samples from the storage refrigerator and allow the sample to come to room
temperature. Begin filling out the extraction log and gathering the required glassware while the
samples are warming up. The glassware should be rinsed with acidified methanol and then with
diethyl ether prior to extraction.

NOTE: All glassware used in this procedure must be rinsed with acidified methanol and diethyl
ether prior to use.

9.1.2 Inspect the samples. Determine if the samples have multiple layers such as sediment or an oil
layer. Sample with large amounts of sediments or particulates may clog the stopcock on the
separatory funnel. Consult with the supervisor or technical manager if the sample matrix is
unusual or is difficult to categorize or handle. Any unusual sample preparation steps required prior
to the extraction must be noted on the extraction log or in an anomaly report.

9.1.3 Thoroughly mix the sample by inverting the container several times and pour 500ml of the
sample container into a graduated cylinder that has been rinsed with acidified methanol. Transfer
the sample to a properly labeled 1-L or 2-L Teflon separatory funnel. For TCLP samples, transfer
10mL of the leachate to a separatory funnel and dilute to SOOmL with reagent water

9.1.4 Add SOOmL of reagent water to each of two separatory funnels to serve as the method blank and
lab spike (LCS).

9.1.5 Add 1.0 mL of surrogate to each sample, method blank, lab spike and matrix spike.

9.1.6 Add 1.0 mL of matrix spiking solution to all appropriate lab spikes and matrix spikes.

NOTE: Every extraction batch will have a method blank, a laboratory control spike (LCS), and a
matrix spike and matrix spike duplicate (MS/MSD). The method blank and lab spike will be
prepared using reagent grade water. An extraction batch is not to exceed 20 client samples. If
insufficient sample is available for the MS/MSD, the extraction log must be stamped:" Insufficient
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sample is available to perform the MS/MSD" and a lab control duplicate (LCSD) is extracted.

9.1.7 Add 100g of sodium chloride ot each sample and QC item.

9.1.8 Adjust the pH of the sample to >12 10N NaOH. Check the pH with wide range pH. Allow the
samples to stand for at least one hour with intermittent shaking or shake on the automatic shaker
for one hour.

NOTE: This step is necessary to convert the acid and ester forms of the herbicides to the water-
soluble salts. After the hydrolysis step, the non-target compounds are extracted out of the sample
with methylene chloride. The rest of the extraction steps may be performed with manual or
automatic shaking.

9.1.9 Add 200 mL of diethyl ether to each separatory funnel.

9.1.10 Shake each separatory funnel for three minutes with periodic venting to release any excess
pressure. If an automatic shaker is used, shake the samples for 10 minutes, Allow ten minutes
for complete separation between the lower water and upper solvent phase.

NOTE: The separatory funnel should be vented under a hood to remove the solvent fumes from
the lab.

9.1.11 Drain the lower water phase into a pre-cleaned 1 -L container that has been rinsed with acidified
methanol. The container must be large enough to hold more than SOOmL because some of the
diethyl ether will dissolve into the water. Discard the organic phase. If the sample contains high
levels of organics, the solvent clean-up may be repeated two more times.

NOTE: Samples with high levels of organic material (oils, particulates, etc.) may cause the
formation of emulsions during the extraction. Emulsions will occur most readily during the
"base shake" to remove the non-target compounds. The extract may be filtered or stirred to
remove the emulsion. Small aliquots of sodium sulfate may also be gently added to the extract to
remove the emulsion.

9.1.12 Pour the sample back inot the separatory funnel and adjust the pH of each sample and the QC
items to <2 with cold 1:1 sulfuric acid. Add the acid slowly and gently swirl the separatory funnels
after the addition of the acid to ensure that the acid and base have reacted. Acid/base
neutralization reactions can be violent if mixed too quickly. Check the pH of the samples and QC
items to ensure that the pH < 2.

9.1.13 Add 200mL of diethyl ether to each sample and QC item.

-If performing a "manual shake", shake the funnels intermittently over a period of one hour,
venting frequently to release any pressure.

-If using the automatic shaker, shake the samples continuously for 30 minutes, releasing the
pressure periodically.

9.1.14 After the extraction, allow the layers to separate for at least 10 minutes. Collect the water layer in
a large beaker or flask for disposal. Try and remove as much of the water as possible. Discard the
water layer.

9.1.15 Collect the extract (upper layer) into a SOOmL pre-cleaned extraction bottle containing 30g of
acidified sodium sulfate. Allow the extract and sodium sulfate to remain in contact at least two
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hours but preferably overnight. This is a good stopping point.

9.1.16 Place a piece of filter paper into a glass funnel and add a small amount of purified, acidified sodium
sulfate. Filter the extract through the glass funnel and collect the extract directly into a labeled
K-D apparatus.

9.1.17 The extract is concentrated to a final volume of approximately 10mL The extract should be left in
the 10ml_ graduated concentrator tube or transferred to a labeled storage vial. The extract is now
ready for the diazomethane esterification.

9.2 Extraction of Soils and Solids

9.2.1 Remove samples to be extracted from the storage refrigerator and allow the samples to come to
room temperature while the extraction glassware is being prepared. Begin filling out the extraction
log and gathering the required glassware while the samples are warming up. The glassware
should be rinsed with acidified methanol and then with diethyl ether prior to extraction.
Check the "tune" of the sonicator using the procedure tested in SL SOP AN 15: Tekmar Sonic
Dismembrator Tuning Procedure.

9.2.2 Collect the appropriate glassware and rinse with acidified methanol and diethyl ether prior to use.

9.2.3 Prepare a number of funnels to filter the extracts by placing a piece of folded filter paper into the
funnel. Rinse with acidified methanol and discard the solvent. Add about 2-3 inches of purified,
acidified granular sodium sulfate to the filter paper in the glass funnel.

NOTE: Record as much information on the extraction log as possible before beginning the
extraction to minimize the number of entries required during the extraction.

9.2.4 Open the sample container and inspect the sample. Note any unusual characteristics such as the
presence of rocks, sticks, leaves, or other materials. Thoroughly homogenize the sample, mixing
in any water that may be present on top of the sediment or soil. SL SOP AN70 gives guidance for
homogenization of samples.

NOTE: If it is difficult to homogenize the sample or if the sample matrix is difficult to characterize, contact
the supervisor before preceding with the extraction. A careful inspection of the sample at this
point can save time and effort later on in the analysis. Any unusual sample preparation steps
required prior to the extraction must be noted on the extraction log or in an anomaly report.

9.2.5 Weigh 30.0 - 30.5g of the homogenized sample into a pre-cleaned, labeled 500-mL extraction
bottle. Record the weight for all samples in this batch.

NOTE: The lab has the option of weighing an aliquot of sample equal to 30g on a dry weight
basis.

9.2.6 Weight 30g of powdered, purified sodium sulfate into two separate beakers to serve as the
method blank and lab control sample(LCS).

9.2.7 Weigh two additional 30g portions of the sample in the batch selected as the matrix spike (MS)
and matrix spike duplicate(MSD).

NOTE: Each extraction batch of twenty or fewer samples will have the following QC items: method
blank, LCS, LCSD, MS, and MSD. If there is not enough sample to perform the MS/MSD, the
extraction log must be stamped "INSUFFIECIENT SAMPLE WAS AVAILABLE TO PERFROM
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THE MS/MSD" and the LCS extracted in duplicate(LCSD).

9.2.8 Working under a hood, acidify each sample and QC item with 0.1 to 0.2mL of concentrated
hydrochloric acid. Add the acid to the sample slowly and carefully, stirring the sample with a
stainless steel spatula or glass rod or pipette. Continue to add acid until the pH <2 when read with
wide range paper.

9.2.9 Add powdered, acidified sodium sulfate to each sample and QC item. Stir with a spatula glass rod
or stainless steel spatula to form a sandy, free-flowing mixture. The sodium sulfate combines with
the water in the sample to "dry" the sample (remove the water). More sodium sulfate may be
required if the sample is very wet. Precede to the next step as quickly as possible.

9.2.10 Add 1.0mL of the herbicide surrogate spiking solution to the method blank, LCS, MS, MSD and
each sample in the batch.

9.2.11 Add 1.0ml of the appropriate herbicide matrix spiking solution to the LCS, MS, and MSD.
Transfer the extraction bottle to a hood near the sonicator.

9.2.12 Under a hood, add 100mL of 1:1 acetone/methylene chloride to each sample and QC item.
Stir the sample to break up any lumps that may have formed. Add more solvent until the solids
are covered by about one inch.

9.2.13 Place the tip of the sonicator horn in the center of the beaker about Vi inch below the surface of
the solvent but above the solid portion. More solvent may be added to bring the level to
approximately one inch above the solid layer.

9.2.14 Sonicate for three (3) minutes with output control knob set at 10, mode switch to pulse, and
percent duty cycle set at 50% If the sonication is properly performed, the solids and solvent will
vigorously mix each time the sonicator pulses.

9.2.15 Under a hood, decant the extract through the filter funnel and collect the extract directly into the
K-D apparatus. The extract may also be collected in a labled, pre-cleaned SOOmL extraction
bottle.

9.2.16 Repeat the extraction two more time two more times with fresh portions of solvent, collecting the
solvent in the K-D apparatus or in the SOOmL bottle each time.

NOTE: Clean the sonicator horn between samples by rinsing with acetone. "Sonicate" an
extraction bottle of acetone/methylene chloride for 3 minutes with output control at 5 to further
clean the horn (sodium sulfate may be added to the beaker to prevent cracking).

9.2.17 Concentrate the extract to approximately 10mL using the K-D concentration apparatus. The water
bath should be 60-70C. Remove the K-D from the water bath and allow the extract to cool.

9.2.18 Remove the Snyder column and add 5mL of 37% KOH and 5mL of reagent water to to the extract
in the K-D. Swirl the flask to mix. Replace the Snyder column and return the apparatus to the
water bath set at 90-1OOC. Allow the K-D to remain on the water bath for a minimum of thirty
minutes to hydrolyze the acid and ester forms of the herbicides to the acid form.

NOTE: The extract must reflux in the potassium hydroxide to hydrolize the herbicides to the salt
form. The temperture of the water bath should be set to >90C in order to remove the residual
solvent and allow the hydrolysis to occur. This temperture is higher than given in Method 8151A
but is necessary for the proper reaction ot ocur.
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9.2.1 9 Remove the K-D from the water bath and allow the apparatus to cool. Check the pH of the
solution remaining in the K-D. The pH should be >12. If the pH is not greater than 12, add another
5mL of 37% KOH and 5ml_ o f reagent water and repeat step 9.2.18

NOTE: IF a small volume of solvent is present above the hydrolized herbicides (the aqueous
layer), the solvent may be evaporated using a gentle stream of nitrogen.

9.2.20 Transfer the extract to a 1-L Teflon separatory funnel containing 500ml_ of reagent water. Use
several small aliquots of reagent water to rinse the K-D body and the concentrator tube, adding
the rinsings to the separatory funnel.

9.2.21 Swirl the funnel to mix the water and the basic solution from the K-D. The pH of the solution
should be >12. If the pH in not greater than 12, add a small amount of 10N NaOH to adjust the
pH

9.2.22 Start at 9.1 .8 and complete the cleanup and extraction of the herbicides in the same manner as
the aqueous sample

9.3 Extraction of Wastes

9.3.1 Remove samples to be extracted from the storage refrigerator and allow the samples to come to
room temperature while the extraction glassware is being prepared. Begin filling out the extraction
log and gathering the required glassware while the samples are warming up. The glassware
should be rinsed with acidified methanol and then with diethyl ether prior to extraction.

9.3.2 Prepare a number of funnels to filter the extracts by adding a small plug of glass wool that has
been rinsed with acidified methanol and about 2 - 3 inches of purified, acidified granular sodium
sulfate to the glass funnel.

NOTE: Record as much information on the extraction log as possible before beginning the
extraction to minimize the number of entries required during the extraction.

9.3.3 Open the sample container and inspect the sample. Note any unusual characteristics such as the
presence of rocks, sticks, leaves, or other materials. Thoroughly homogenize the sample.

NOTE: If it is difficult to homogenize the sample or if the sample matrix is difficult to characterize,
contact the supervisor before preceding with the extraction. A careful inspection of the sample at
this point can save time and effort later on in the analysis. Any unusual sample preparation steps
required prior to the extraction must be noted on the extraction log or in an anomaly report.

9.3.4 Weigh 1-1 .2g of the homogenized sample into a labeled, calibrated 12mL vial. Record the weight
for all samples in this batch. Weigh two additional 1g aliquots of one sample to serve as the MS
and MSD.

NOTE: Each extraction batch of twenty or fewer samples will have the following QC items: method
blank, LCS, LCSD, MS, and MSD. If there is not enough sample to perform the MS/MSD, the
extraction log must be stamped "INSUFFIECIENT SAMPLE WAS AVAILABLE TO PERFROM
THE MS/MSD" and the LCS extracted in duplicate(LCSD).

9.3.5 Add 1.0mL of the herbicide surrogate spiking solution to the method blank, LCS, MS, MSD and
each sample in the batch.
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9.3.6 Add 1.0ml of the appropriate herbicide matrix spiking solution to the LCS, MS, and MSD.

9.3.7 Add diethyl ether to the sample until the volume comes up to the calibration line. Mix the sample,
solvent, and surrogates and/or matrix spiking solutions by inverting the vials several times.

9.3.8 Add SOOmL of reagent water to 1-L or 2-L separately funnels and adjust the pH of the water to
>12 with 10N NaOH. Label the separatory funnels and pour the extracts into the correspondong
extration vessel. Check the pH with wide range pH and aadjust to pH > 12 if necessary with 10N
NaOH. Allow the samples to stand for at least one hour with intermittent shaking or shake on the
automatic shaker for one hour.

9.3.9 Starting at Section 9.1.8, continue the clean-up, extration, and estrification in the same manner as
aqueous samples.

9.4 Esterification with Diazomethane

The extracts are contained in a 10mL graduated concentrator tube or should be transferred to
10mL graduated tubes prior to the esterification. The esterification of the extracts must be
performed under a hood.

9.4.1 Concentrate the extracts to approximately 1mL under a gentle stream of nitrogen.

9.4.2 After all of the extracts have been concentrated, prepare the diazomethane generation device
(Figure 1) for the esterification. Inspect the lines to ensure that there are no leaks or broken
connections.

9.4.3 Place the extracts on the support. Replace all of the needles and place the needles into the first
extracts to be esterified.

9.4.4 Add diethyl ether to the first container on the diazomethane generation device until the container
is about a/4 full.

9.4.5 Add the following to the second container to esterify approximately 20 samples.

50mL diethyl ether
50mL 37% potassium hydroxide
50mL Carbitol
5g Diazald

Quickly attach the container to the diazomethane device and start the nitrogen flow. Recall that
the needles should already be placed in the samples that are to be esterified first. The gas flow
should be steady but not so high that the sample is bubbled out of the concentrator tube or that
the sample is evaporated before the esterification can take place.

9.4.6 Allow the diazomethane to flow through the sample extracts until a persistent yellow color
remains. This will usually take two to three minutes. As the rest of the samples are esterified, the
process will take longer as the diazomethane is exhausted.

NOTE: For dark extracts where the persistent yellow color cannot be distinguished, esterify the
sample for 10 minutes.
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9.4.7 After the persistent yellow color remains, remove the needle from the tube in that position and
replace it with a new needle. Place the needle into the next sample to esterify. Repeat for all
samples in the batch, replacing the needle for each new extract.. If a yellow color cannot be
formed in a clear extract, the diazomethane has most likely been exhausted. Pour the used
reagents into a waste container (under a hood) and replenish the reagents in the second
container. Add more diethyl ether to the first container if needed.

9.4.8 After all of extracts have been esterified, add a small amount ( about 0.1g) of silicic acid to each
sample extract, cover the concentrator tubes with aluminum foil and allow the extracts to sit for 30
minutes. The silicic acid will destroy any unreacted diazomethane. Dilute to 10mL with hexane
and transfer the extract to a labeled storage vial. Store the extracts at 4C until the time of analysis.

10.0 ANALYTICAL PROCEDURE

No items in this revision. The analytical procedure is described in SL SOP SG65.

11.0 CALCULATIONS

No items in this revision.

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The analytical batch consists of up to twenty (20) client samples and the associated quality control
items. The quality control items consist of a method (reagent) blank, a lab control standard (LCS),
a matrix spike (MS), and a matrix spike duplicate (MSD). If insufficient sample is available for the
MS/MSD, the LCS is prepared in duplicate.

SL SOP AN02: Analytical Batching contains guidance for evaluating the QC in an analytical batch.

12.2 The lab must perform a method detection limit (MDL) study annually in each matrix in accordance
with SL SOP CA90: Procedure for the Determination of Method Detection Limit (MDL).

13.0 PREVENTIVE MAINTENANCE

No items in this revision.

14.0 TROUBLESHOOTING

No items in this revision.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories
Corporate Quality Assurance Plan, current revisions.

15.2 Test Methods for Evaluating Solid Waste, Third Edition, SW-846; vs. EPA Office of Solid Waste
and Emergency Response: Washington, DC.
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ZYMARK EXTRACT CONCENTRATION PROCEDURE

1.0 SCOPE AND APPLICATION

The purpose of this SOP is to describe the procedures for evaporating semivolatile
organic extracts to final volumes appropriate to the analytical method. The procedures for
"exchanging" a solvent, transferring the extract between containers, and the proper
storage containers and conditions are included. This procedure is the preferred
concentration preocedure fro maost analyses except chlorinated herbicides (SL SOP
EX45) and dioxins and furans (SL SOP SM10).

2.0 SUMMARY OF METHOD

After the extraction procedure is completed, the solvent is transferred to a glass Zymark
concentration tube. The tube is placed in the Zymark concentration device that has been
heated to a specified temperature. A stream of nitrogen is directed into the tube to
evaporate the solvent and to concentrate the target compounds. When the volume of
solvent reaches the specified volume-normally 1mL-, the nitrogen is automatically
stopped. An alarm sounds to alert the analyst and the extract is removed from the device
and transferred to a storage vial or container. If a solvent exchange is required, the
exchange solvent is added to the tube and the solvent is evaporated to the specified final
volume and transferred to a storage vial or container. The concentrated extracts are
stored at 4C until the time of analysis by GC, GC/MS, or LC.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedure that you
do not understand or that will put you or others in potentially hazardous situations.

3.2 This SOP contains procedures that are designed to reduce the exposure of lab personnel
to solvent vapors and to minimize the amount of solvent introduced into the lab air. All
solvent transfer steps should be performed quickly and under a hood, if possible. Use
the minimum amount of solvent to get the job done. Do not allow open containers of
solvent or extracts to evaporate into the lab.

3.3 A lab coat or apron should be worn to protect clothing and skin from acids, bases, and
solvents. Gloves must be worn to protect hands and eye protection (goggles or safety
glasses) must be worn at all times in the lab. An analyst must not work alone in an
isolated area.

3.4 A solvent such as methylene chloride can cause a burning sensation if it contacts the
skin. The rapid evaporation of the solvent causes a rapid heat loss in the skin similar to
frost bite. If solvent contracts the skin, wash the exposed skin in cold water to reduce the
solvent evaporation.

3.5 The analyst should become familiar with the Material Safety Data Sheets (MSDS) for
each reagent and standard used in the extraction lab.
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4.0 INTERFERENCES

Improperly cleaned Zymark tubes can contribute [artifacts to the sample extract. Material
that is left inside the tube after cleaning may show up in the next extraction-this is
especially true of extracts with high levels of target or non-target compounds. The
glassware must be properly cleaned according to SL SOP AN60. After cleaning, inspect
the glassware for the presence of water, especially in the small tip of the Zymark tube. A
thorough acetone rinsing will help to eliminate or minimize this problem.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Concentrated extracts must be stored at 4C until the time of analysis. The volume of the
extract must be accurately known and recorded.

6.0 APPARATUS AND MATERIALS

6.1 Zymark Turbo II concentration device or equivalent. The instrument must be vented into
an operating fume hood.

6.2 Concentration tube-200 mL(for liquids) or 225mL elongated tubes(for soils) with 1 .OmL
tip.

6.3 Pasteur Pipettes- 1mL disposable

6.4 2-mL vials with Teflon lined crimp caps-the vials must be compatible with the autosampler

6.5 Storage vials-12 mL glass with Teflon-lined caps. A storage vial may be calibrated by
adding a known volume of liquid to the container and marking the volume on the side of
the container.

6.6 Glass syringe-10 ml

6.7 0.45 micron filters

6.8 11mm crimp-type capper and decapper

7.0 REAGENTS

7.1 Methylene Chloride

7.2 Hexane

7.3 Acetonitrile

7.4 Acetone

8.0 STANDARDS

This section is not applcable to this SOP.

9.0 SAMPLE (EXTRACT) PREPARATION

The sample and QC item extracts must be clearly and unambiguously labeled during
each step of the concentration process. Labeling tape should be used to identify the
glassware associated with each sample. Solvents will erase grease pens and "Sharpies."
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Use of different colored labeling tape will aid the analyst in keeping up with the extracts
during each step of the extraction and concentration.

9.1 Equipment Preparation

9.1.1 Pre-rinse each Zymark concentration tube with acetone.

9.1.2 Turn on evaporation unit. Set the water bath to the temperature that has been developed
for the target compounds. The gas pressure should be set initially to zero for each cell in
the Zymark unit. Table 1 provides guidance on the temperatures and pressures that can
be used to successfully recover the target compounds.

9.1.3 Pre-rinse each concentration cap on evaporation unit with acetone.

9.2 Solvent Evaporation

9.2.1 f the sample extracts have been collected in any container other that a Zymark tube, the
extract is transferred to a Zymark tube.Working under a hood, pour 150mL-200mL of
extract (depending on the size of the tube) into labeled Zymark concentration tube and
place the tube into a cell of the evaporation unit. Repeat for all samples in analytical
batch. The remaining extract must be tightly covered with a piece of aluminum foil to
minimize evaporation of the solvent into the lab.

NOTE: Most extracts will be dried and filtered directly into the Zymark tube.

9.2.2 Carefully close the cover of the Zymark unit completely. Make sure that each tube is
seated properly and that the individual covers are direclty over each tube. When the
elongated tubes are used, care must be taken in positioning the tubes in order to avoid
breaking the tubes covers and to completely close the instrumetn cover.

9.2.3 Turn on the pressure for each unit and gradually increase the pressure to the maximum
level. Start at a low pressure and gradually work up to the maximum. Table 1 provides
guidance on the temperatures and pressures that can be used to successfully recover the
target compounds.

9.2.4 Periodically add more sample until all of the sample has been transferred to Zymark
concentration tube. Continue concentration until cell alarm sounds. This indicates the
sample is at a 1mL volume.

9.2.5 If the solvent must be exchanged, add 25mL of the exchange solvent and set the Zymark
to the conditions optimized for that solvent and the target compounds. Table 1 provides
guidance on the temperatures and pressures that can be used to successfully recover the
target compounds. Continue concentration until cell alarm sounds. This indicates the
sample is at a 1 ml volume.

Add a second 25mL aliquot of the exchange solvent to the Zymark tube and continue
concentration until cell alarm sounds.

9.2.6 Remove Zymark concentration tube from evaporation unit.

9.3 Transferring Extracts to Storage Vials

9.3.1 Under a hood, adjust the volume to 1mL by adding small aliquots of the required solvent.
If the final volume is to be greater than 1mL, add an appropriate volume of solvent to the
Zymark tube using a volumetric pipette or calibrated solvent dispensing device. For
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example, if the final volume is to be 10mL, adjust the volume in the tube to 1ml_ and then
add 9mL of solvent to give a final volume of 10mL

NOTE: If the extract cannot be evaporated to 1mL, the extract should be transferred to a
volumetric flask or to a calibrated storage vial. Use several small aliquots of solvent to
transfer the entire extract to the vial.

9.3.2 Under a hood, transfer the extract to aTeflon lined crimp top or 12 ml scintillation vial.
Mark the volume of the extract on the side of the container to allow the analysts to judge
whether the sample extract has evaporated during storage and handling. Store
concentrated extracts at 4 C until time of analysis..

10.0 ANALYTICAL PROCEDURE

11.0 CALCULATIONS

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 Sample ID, extraction log, and transferring extracts to groups

12.2 Accurate final volumes marked on outside of container

13.0 PREVENTIVE MAINTENANCE

Change the water in the water bath weekly. Add 1-2 drops of XXXX Bath to prevent
bacteria and algae growth. Methlyene chloride that dissolves in the water bath will
damage the sensors.

14.0 TROUBLE-SHOOTING

Occasionally, the sensors have difficulty detecting the final volume of the solvent in the
Zymark tubes. Refer to the manufacturer's manual fro procedures for testing the sensors
and replacing them, if necessary.

15.0 REFERENCES
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Table 1-ROUTINE EXTRACTS

METHODS

604,8041
606.8061
607,8070
608,8080.8081

609,8090

610,8100
611,8110

612,8120

614,614.1,622,
622.1,8141
617,618
619

625
8270-
TCL.K001
8270-TCLP,
AP9
8015-EXT
8310

TYPES OF COMPOUNDS

Phenols by GC-FID
Phthalate esters by GC-FID
Nitrosamines by GC-FID
Chlorinated pesticides and
PCBs
Nitroaromatics by GC-EC
(2,4-DNT and 2,6-DNT)
PAH by GC-FID
Halogenated ethers by
GC/EC
Chlorinated hydrocarbons by
GC-EC
Phosphorous and nitrogen
containing pesticides
Chlorinated pesticides
Phosphorous and nitrogen
containing pesticides
BNA
BNA

BNA

Petroleum products
PAH by HPLC

ZYMARK
TEMPERATURE

40 C
40 C
40 C
40 C

40 C

40 C
40 C

40 C

40 C

40C
40C

40 C
40 C

40 C

40 C
40 C

ZYMARK
MAX
PRESSURE
15psi
15psi
15psi
15psi

15psi

15psi
15psi

15psi

15psi

15psi
15psi

15psi
15psi

15psi

15psi
15psi

SOLVENT

MeCI2
Mecl2
MeCI2
MeCI2

MeCI2

MeCI2
MeCI2

MeCI2

MeCI2

MeCI2
MeCI2

MeCI2
MeCI2

MeCI2

MeCI2
MeCL2

FINAL
SOLVENT

MeCI2
MeCI2
MeCI2
Hexane

Hexane

MeCI2
MeCI2

Hexane

Hexane

Hexane
Hexane

MeCI2
MeCI2

MeCI2

MeCI2
Acetonitrile

FINAL
VOLUME(mL)

1.0
1.0
1.0
10

10

1.0
1.0

10

10

10
10

1.0
1.0

1.0

1.0
1.0

(0r
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Table 2-Extracts That Have Been Subjected to GPC Clean-Up

METHODS

608.8080,8081

8270-
TCL.K001
8270-TCLP,
AP9

TYPES OF COMPOUNDS

Chlorinated pesticides and
PCBs
BNA

BNA

ZYMARK
TEMPERATURE

40 C / 50 C

40 C

40 C

ZYMARK
MAX
PRESSURE
8psi

8psi

8psi

SOLVENT

MeCI2

MeCI2

MeCI2

FINAL
SOLVENT

Hexane

MeCI2

MeCI2

FINAL
VOLUME
(ml)
5.0

0.50

0.50

3)
m
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PREPARATION OF SEMIVOLATILE SURROGATE AND MATRIX SPIKING SOLUTIONS

1.0 SCOPE AND APPLICATION

This SOP describes the procedures for preparing the surrogate and matrix spiking solutions used
in the extraction of semivolatiie compounds in aqueous and solids matrices.

A surrogate is a compound that is not expected to be present in an environmental sample. One or
more surrogates are added to the sample prior to extraction as a check on the efficiency of the
entire preparation process. Surrogates are usually brominated, fluorinated, or isotopically labeled
compounds.

The matrix spiking solution contains the target compounds or a subset of the target compounds.
This solution is added to a "blank" matrix (the lab control sample-LCS) to verify that the target
compounds can be recovered within statistically defined limits in the absence of interferences. The
matrix spiking solution is also added to aliquots of field sample to evaluate the effect that the
sample matrix has on the recovery of the target compounds.

2.0 SUMMARY OF METHOD

Known volumes of certified stock standard solutions are diluted with an appropriate solvent in
Class A volumetric glassware. Acetone and methanol are generally used as the solvents for the
surrogates and matrix spiking solutions because they are miscible with water (that is, these solvents
mix with water in all proportions). The tables included in this SOP describe the "recipes" that can
be used to prepare the spiking solutions. The lab can prepare larger or smaller volumes if desired.
The recipe used by the lab may be prepared as a "controlled posting" to prompt the analyst in the
preparation of the spiking solutions. The controlled posting can be posted in the lab or placed in
the extraction lab tracking log.

Table
1
2

3

4
5
6

Group
SM

SG-FID

SG-pesticides

SG-herbicides
SG-NPD

LC

Methods
625, 8270, CLP 3/90, CLP 10/92
604, 8040, 606, 8060, 610, 8100,

8015-modfied
608, 8080, 8081, CLP 3/90,

CLP 10/92
615,8151

8141
8310

NOTE: These tables list methods and spiking solutions that are common to two or more SL
divisions. Some methods are only performed at one division and the preparation of the spiking
solutions for those methods will be in the SL SOP for that method.
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3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or that will put you or others in potentially dangerous situations.

3.2 The analyst should wear a lab coat or apron, gloves, and protective lab glasses when preparing the
spiking solutions. Work under a hood or in a well ventilated area.

3.3 The analyst should be familiar with the Material Safety Data Sheets (MSDS) for each reagent and
standard used in the lab. The MSDS list the potential hazards that each material poses and
information about safe handling of the material.

4.0 INTERFERENCES

No items in this section for this revision of the SOP.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

No items in this section for this revision of the SOP.

6.0 APPARATUS AND MATERIALS

6.1 Volumetric flasks-Class A glass, assorted volumes. Recommended volumes: 5-,10-,25-,
50-, lOOmL

6.2 Glass syringes and microsyringes-assorted volumes. Recommended volumes: 0,25,50,100uL,
l-,2.5-,5mL

6.3 Disposable volumetric pipets-lml and lOmL

6.4 Storage vials with Teflon-lined caps. 40mL VOA vials or other storage vials

7.0 REAGENTS

7.1 Acetone-residue grade or equivalent

7.2 Methanol-residue grade or equivalent

7.3 Carbon disulfide-residue grade or equivalent.

8.0 STANDARDS

The preparation of the spiking solutions must be tracked in accordance with SL SOP
A.Wl:Standard Material Traceability. General guidance on the preparation of standards is given
in SL SOP AN43:Standard Preparation. The expiration date of all spiking solutions is 40 days
from date of preparation.

The lab should purchase certified solutions from SL-approved vendors, if available. The lab
should prepare standards from neat materials only if a certified solution is not available. See SL
SOP AN43 for guidance for standard preparation.
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8.1 Determine the volume of standard to be prepared and the volume of the stock standard needed to
make the spiking solutions. The following equation can be used:

Vi
Ci

where
Vi = volume of stock standard ( or initial standard) needed to prepare the spiking solution(mL)
Ci = concentration of stock solution(or initial standard)(\ig/mL)
Cf= concentration of spiking solution to prepare(/?«j/ concentratiori)(usjmL)
Vf = volume of spiking solution to prepare(/wa/ volume)(mL)

The concentration can be expressed in whatever terns the analyst finds most convenient - ug/L,
ug/mL, mg/L, etc. The units must be the same for Ci and Cf.

EXAMPLE:

Prepare 50mL of the 625/8270 surrogate spiking solution from the 5000ug/mL base/neutrals and
lOOOOug/mL organic acids surrogates stock standards. The 625/8270 surrogate spiking solution
has the base/neutrals at 50ug/mL and the acids at lOOug/mL.

Base/neutrals

Ci SOOOwg / ml

Acids

_ _ _ _
Ci WQOQug/mL

O.SOmL of the base/neutrals stock and 0.50mL of the acids surrogates stock are combined into a
50mL volumetric and diluted to a final volume of 50mL with acetone or methanol.

8.2 Basic Spiking Solution Preparation Steps

8.2.1 Remove the stock solutions from the refrigerator and allow the stock solutions to come to room
temperature.

8.2.2 Prepare the volumetric glassware in accordance with SL SOP AN60. Rinse the flask thoroughly
with the solvent that is used to prepare the spiking solution. Several small aliquots of the solvent
will generally clean the flask better than one large aliquot and will minimize the amount and
exposure to the of solvent

8.2.3 Fill the flask approximately half full with acetone or methanol.
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8.2.4 Carefully open the ampoule or storage vial of the stock standard to be used to prepare the spiking
solution and transfer the appropriate volume of the stock standard to the volumetric flask. The
volume of standard required is calculated as in Section 8.1 or is found in the preparation recipe in
the tables. Rinse the inside walls of the flask after each addition of stock standard to ensure that all
of the standard is transferred to the flask. Repeat for each component of the spiking solution.

8.2.5 Dilute to volume with the appropriate solvent, cap the flask, and invert to mix the spiking solution.
Transfer the spiking solution to a labeled storage vial. Transfer a ImL aliquot to an autosampler
vial for assay by the analytical group.

NOTE: If the standard is to be assayed by GC or GC/MS, the spiking standard solution may be
stored temporarily in the volumetric flask to prevent the use of the standard until verified.

8.2.6 The standard traceability logbook must be filled out in accordance with SL SOP AN41. The
spiking solution must be clearly labeled with the following information:

-standard identification or designation
-assigned SL lot number
-date prepared
-analyst's initials
-expiration date
-solvent

The volume of the solution must be marked on the side of the storage container so that the analysts
can gauge whether evaporation or degradation has taken place. The volume should be marked at
room temperature initially and after each aliquot is removed from the vial.

9.0 SAMPLE PREPARATION

No items in this section for this revision of the SOP.

10.0 PROCEDURE

No items in this section for this revision of the SOP. Procedure is described in Section 8.

11.0 DATA ANALYSIS/CALCULATIONS

No items in this section for this revision of the SOP.

12.0 QUALITY ASSURANCE/QUALITY CONTROL

12.1 All standards received into the lab and prepare by the lab must be tracked in accordance with SL
SOP AN4l:StandardMaterial Traceability. Each standard must be clearly labeled.

12.2 The temperature of the refrigerated standard storage areas must be monitored daily.

12.3 If the volumetric glassware is not Class A, the volumetric glassware must be verified to be within
1% of its stated volume or removed from service. See SL SOP AN30: Pipette and non-Class A
Volumetric Container Calibration Check
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13.0 PREVENTIVE MAINTENANCE

No items in this section for this revision of the SOP.

14.0 TROUBLESHOOTING

No items in this section for this revision of the SOP.

15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Corporate Quality Assurance
Plan, current revisions.

15.2 SW-846 Method 8000B
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TABLE 1-SEMIVOLATILE GC/MS (SM)
Methods 625, 8270, CLP 3/90, CLP 10/92

625/8270 Surrogate Spiking Solution

Stock Standards

Base/neutrals Surrogates
(NSI C-376H)
Acid Surrogates
(NSIC-131H)

Cstock
(ug/mL)
5000

10000

Vstock
(mL)
1.0

1.0

Vspike
(mL)
100

Cspike
(ug/mL)
50

100

Solvent: Acetone

8270 Matrix Spiking Solution
This spiking solution contains a subset of the 8270 compounds.

Stock Standards

Base/neutrals Matrix Spike Stock
(Restek31074
Acid Matrix Spike Stock
(Restek31071)

Cstock
(ug/mL)
5000

10000

Vstock
(mL)
1.0

1.0

Vspike
(mL)
100

Cspike
(ug/mL)
50

100

Solvent: Acetone

K001 (8270) Matrix Spiking Solution
This spiking solution contains phenols and PAHs that are associated with the K001 analysis by GC/MS.

Stock Standards

SV Mix #2(Phenols)
(Restek31008)
SV Mix #5 (PAH)
(Restek31011)
2,3,4,6-Tetrachlorophenol
(Restek 58-90-2)
Carbazole
(Restek 86-74-8)

Cstock
(ug/mL)
2000

2000

1000

1000

Vstock
(mL)
1.0

1.0

2.0

2.0

Vspike
(mL)
20

Cspike
(ug/mL)
100

100

100

100

Solvent: Methanol

8270-TCLP Matrix Spiking Solution
This spiking solution contains a subset of the 8270 compounds that is used when a matrix spike is requested
on a TCLP leachate.

Stock Standards

TCLP B/N Mix
(Restek 3 1028)
TCLP Acid Mix
(Restek 3 1027)

Cstock
(ug/mL)
2000

2000

Vstock
(mL)
1.0

1.0

Vspike
(mL)
20

Cspike
(ug/mL)
1000

100

Solvent: Acetone
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TABLE 1-SEMIVOLATILE GC/MS (SM)

625 Matrix Spiking Solution
This spiking solution contains all of the 625 compounds except the multi-peak target analytes. This solution
must be prepared from stock solutions that are independent of the stocks used to prepare the calibration
standards. This is the default matrix spiking solution. If a subset of the 625 target compounds is to be
reported, a spiking solution containing only the subset of target compounds may be prepared.

Stock Standards

Method 604 - Phenols Cal Mix
(Restek31029)
Method 606 - Phthalate Esters
(Restek31031)
Method 609 - Nitroaromatics/ISO
(Restek31033)
Method 6 10- PAH (SV #5)
(Restek31011)
Method 61 1 - Haloethers
(Restek31034)
Method 612 - Chlorinated Herbs
(Restek31035)
Method 605 - Benzidine
(Restek31030)

Cstock
(ug/mL)
2000

2000

2000

2000

2000

2000

3000

Vstock
(mL)
1.0

Vspike
(mL)
20

Cspike
. (ug/mL)

100

100

100

100

100

100

100

Solvent: Acetone or methanol

NOTE: The individual solutions can be used to prepare the full target spiking solutions for the 600-series
methods.
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TABLE 1-SEMIVOLATILE GC/MS (SM)

CLP SPIKING STANDARDS

BCLP 3/90 Surrogate Spiking Solution
Stock Standards

B/N Surrogate Mix
(NSIC- 162-05)
Acid Surrogate Mix
(NSIC-191-03)

Cstock
(ug/mL)
5000

7500

Vstock
(mL)
1.0

1.0

Vspike
(mL)
50

Cspike
(ug/mL)
100

150

Solvent: Acetone

BCLP 3/90 Matrix Spiking Solution
Stock Standards

B/N Matrix Spike (3/90)
(Restek
Acid Matrix Spike
(Restek

Cstock
(ug/mL)
5000

10000

Vstock
(mL)
1.0

0.75

Vspike
(mL)
50

Cspike
(ug/mL)
100

150

Solvent: Acetone

BCLP 10/92 Surrogate Spiking Solution ('low level")
Stock Standards

B/N Surrogate Mix
(Restek
L/C Acid Mix
(Restek

Cstock
(ug/mL)
5000

3000

Vstock
(mL)
0.40

2.0

Vspike
(mL)
50

Cspike
(ug/mL)
40

120

Solvent: Acetone

BCLP 10/92 Matrix Spiking Solution
Stock Standards

L/C BN LCS A
(Restek 31241A)
L/C BN LCS B
(Restek 2 124 IB)
LC Acid LCS
(Restek 3 12 12)

Cstock
(ug/mL)
1000

2000

2000

Vstock
(mL)
0.50

0.50

0.50

Vspike
(mL)
25

Cspike
(ug/mL)
20

40

40

Solvent: Acetone
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TABLE 2-SEMIVOLATILE GC (SG) - FID METHODS
Methods 6004,8040,606,8060,610,8100,8015-modified

SG Acid Surrogate Spiking Solution
This spiking solution is used for Methods 604 and 8040.
Stock Standards

8040 Surrogate Mix
(Restek31090)

Cstock
(ug/mL)
2000

Vstock
(mL)
1.0

Vspike
(mL)
20

Cspike
(ug/mL)
100

Solvent: Methanol

8040 Matrix Spiking Solution
Stock Standards

Acid Matrix Spike Stock
(Restek31071)

Cstock
(ug/mL)
10000

Vstock
(mL)
0.50

Vspike
(mL)
50

Cspike
(ug/mL)
100

Solvent: Methanol

604 Matrix Spiking Solution
This spiking solution contains all of the 604 compounds. This solution must be prepared from stock
solutions that are independent of the stocks used to prepare the calibration standards. This is the default
matrix spiking solution. If a subset of the 604 target compounds is to be reported, a spiking solution
containing only the subset of target compounds may be prepared.

Stock Standards

Method 604-Phenols Cal Mix
(Restek31029)

Cstock
(ug/mL)
2000

Vstock
(mL)
1.0

Vspike
(mL)
20

Cspike
(ug/mL)
100

Solvent: Methanol

SG Base Surrogate Spiking Solution
This spiking solution is used for Methods 606, 8060, 607,8070,610, 8100, and 8015-Modified
Stock Standards

2-Fluorobiphenyl
(Restek31091)
o-Terphenyl
(Restek31066)

Cstock
(ug/mL)
2000

2000

Vstock
(mL)
1.25

1.25

Vspike
(mL)
50

Cspike
(ug/mL)
50

Solvent: Acetone or methanol

606/8060 Matrix Spiking Solution
Stock Standards

Method 606 - Phthalate Esters
(Restek31031)

Cstock
(ug/mL)
2000

Vstock
(mL)
0.5

Vspike
(mL)
20

Cspike
(ug/mL)
50

Solvent: Acetone or methanol
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TABLE 2-SEMFVOLATILE GC (SG) - FID METHODS

610 Matrix Spiking Solution
This spiking solution contains all of the target analytes. This solution must be prepared from a stock that is
independent of the stocks used to prepare the calibration standards
Stock Standards

Method 6 10- PAH (SV #5)
(Restek 3 1011)

Cstock
(ug/mL)
2000

Vstock
(mL)
0.50

Vspike
(mL)
20

Cspike
(ug/mL)
50

Solvent: Acetone or methanol

8100 Matrix Spiking Solution
Stock Standards

PAH Custom Mix
(Restek

Cstock
(ug/mL)
2000

Vstock
(mL)
0.5

Vspike
(mL)
20

Cspike
(ug/mL)
50

Solvent: Acetone or methanol

Diesel-8015-Modified
Stock Standards

XHc Diesel Fuel #2 Composite
(Restek31259)

Cstock
(ug/mL)
50000

Vstock
(mL)
1.0

Vspike
(mL)
50

Cspike
(ug/mL)
1000(1.0mg/mL)

Solvent: Acetone

Mineral Spitrits-8015-Modified
Stock Standards

XHc Mineral Spirits Standard
(Restek 3 1261)

Cstock
(ug/mL)
50000

Vstock
(mL)
1.0

Vspike
(mL)
50

Cspike
(ug/mL)
1000(1.0mg/mL)

Solvent: Acetone

Florida PRO Surrogate Spike
Stock Standards

o-Terphenyl
(Restek 3 1066)
C-39 Hydrocarbon Std
(NSI 1339-04-01)

Cstock
(ug/mL)
2000

6000

Vstock
(mL)
5.0

5.0

Vspike
(mL)
200

Cspike
(ug/mL)
50

150

Solvent: 1:1 Acetone/Carbon disulfide

Florida PRO Matrix Spike
Stock Standards

C8-C40 Hydrocarbon Std
(NSI C-443-03)

Cstock
(ug/mL)
2000

Vstock
(mL)
2.5

Vspike
(mL)
100

Cspike
(ug/mL)
50

Solvent: 1:1 Acetone/Carbon disulfide
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TABLE 3-SEMTVOLATILE GC (SG) - PESTICIDES
Methods 608,8080,8081, CLP 3/90, CLP 10/92

Pesticides Surrogates Spiking Solution
Stock Standards

Pesticides Surrogate Mix
(Restek 32000)

Cstock
(ug/mL)
200

Vslock
(mL)
0.100

Vspike
(mL)
100

Cspike
(ug/mL)
0.20

Solvent: Acetone

8080 Pesticides Matrix Spiking Solution
This spiking solution contains a subset of the target analytes.
Stock Standards

Pesticides Matrix Spike Mix
(2/88)
(Restek 32031)

Cstock
(ug/mL)
0.200

Vstock
(mL)
0.050

Vspike
(mL)
50

Cspike
(ug/mL)
0.2

Solvent: Acetone

608 Pesticides Matrix Spiking Solution
This solution contains all of the single peaks pesticides. This solution must be prepared from a stock that is
independent of the stock used to prepare the calibration standards.
Stock Standards

Method 608 Calibration Mix
(Restek 32022)

Cstock
(ug/mL)
200

Vstock
(mL)
0.10

Vspike
(mL)
100

Cspike
(ug/mL)
0.20

Solvent: Acetone

PCS Matrix Spiking Solution
Stock Standards

Arl016
(Restek 32006)
Arl260
(Restek 320 12)

Cstock
(ug/mL)
1000

1000

Vstock
(mL)
0.125

0.125

Vspike
(mL)
50

Cspike
(ug/mL)
2.5

2.5

Solvent: Acetone

TCLP-Pest
Stock Standards

TCLP Pesticide Mix
(Restek 32013)

Cstock
(ug/mL)
2000

Vstock
(mL)
0.010

Vspike
(mL)
100

Cspike
(ug/mL)
0.20

Solvent:acetone
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TABLE 3-SEMIVOLATILE GC (SG) - PESTICIDES

CLP SPIKING STANDARDS

PCLP 3/90 Surrogate Spiking Solution
Stock Standards

Pesticide Surrogate Mix
(Restek 32000)

Cstock
(ug/mL)
200

Vstock
(mL)
0.100

Vspike
(mL)
100

Cspike
(ug/mL)
0.20

Solvent: Acetone

PCLP 3/90 Matrix Spiking Solution
Stock Standards

3/90 Pesticide Matrix Spike
(Restek 320 18)

Cstock
(ug/mL)
25/50

Vstock
(mL)
1.0

Vspike
(mL)
50

Cspike
(ug/mL)
0.50/1.0

Solvent: Acetone

PCLP 10/92 Surrogate Spiking Solution ('low level")
Stock Standards

Pesticide Surrogate Mix
(Restek 32000)

Cstock
(ug/mL)
200

Vstock
(mL)
0.10

Vspike
(mL)
50

Cspike
(ug/mL)
0.040

Solvent: Acetone

PCLP 10/92 Matrix Spiking Solution
Stock Standards

L/C Pesticide Lab Control Sample
(Restek 32040)

Cstock
(ug/mL)
10-20

Vstock
(mL)
0.10

Vspike
(mL)
25

Cspike
(ug/mL)
0.04-0.08

Solvent: Acetone
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TABLE 4-Semivolatile GC (SG) Herbicides
Methods 8151

8151 Surrogate Spiking Solution
Stock Standards

DCAA
(Ultra PPS- 165)

Cstock
(ug/mL)
100

Vstock
(mL)
1.0

Vspike
(mL)
50

Cspike
(ug/mL)
2.0

Solvent: Methanol

8151 Matrix Spiking Solution
Stock Standards

Chlorinated Herbicides Mixture
(UltraHBM-815A)

Cstock
(ug/mL)
100

Vstock
(mL)
0.50

Vspike
(mL)
50

Cspike
(ug/mL)
1.0

Solvent: Methanol

8151 -TCLP Matrix Spiking Solution
Stock Standards

Herbicide TCLP Mix
(Restek 32014)

Cstock
(ug/mL)
2000

Vstock
(mL)
0.025

Vspike
(mL)
50

Cspike
(ug/mL)
1.0

Solvent: Methanol

8151-FullTarget Matrix Spiking Solution
Stock Standards

Chlorinated Herbicides Mixture
8150B(UltraHBM-8150A)
Dicamba, Silvex, 2,4,5-T
Dinoseb
2,4-D, Dichorprop, 2,4-DB
Dalapon
MCPA, MCPP

Cstock
(ug/mL)

10
50
100
250
10000

Vstock
(mL)
1.0

Vspike
(mL)
20

Cspike
(ug/mL)

0.50
2.5
5.0
12.5
500

Solvent: Methanol
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TABLE 5-Semivolatile GC (SG) Nitrogen/Phosphorus Detector(NPD)
Methods 8140/8141

8141 Surrogate Spiking Solution
Stock Standards

Triphenyl phosphate
(EM Science)

Cstock
(ug/mL)
1000

Vstock
(mL)
0.20

Vspike
(mL)
50

Cspike
(ug/mL)
4.0

Solvent: Acetone

8141 Matrix Spiking Solution
Stock Standards

Thionazin
(Supelco)
Diazinon
(Accustandard)

Ronnel
(Accustandard)

Ethyl parathion
(Accustandard )
Methyl parathion
(Accustandard

Cstock
(ug/mL)
2000

1000

100

100

100

Vstock
(mL)
0.125

0.250

2.5

2.5

2.5

Vspike
(mL)
50

Cspike
(ug/mL)
5.0

5.0

5.0

5.0

5.0

Solvent: Acetone

TABLE 6-Semivolatile Liquid Chromatography (LC)
Method 8310

8310 Surrogate Spiking Solution
Stock Standards

4-Terphenyl-dl4
(Supelco 4-84 18)

Cstock
(ug/mL)
2000

Vstock
(mL)
0.125

Vspike
(mL)
100

Cspike
(ug/mL)
2.5

Solvent: Acetone

Stock Standards

TCLPAH
(Supelco4-9156)

Cstock
(ug/mL)
20-1000

Vstock
(mL)
0.250

Vspike
(mL)
50

Cspike
(ug/mL)
0.10-5.0

Solvent: Acetone
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Approval
Signature:_

/R. Wayne i
Title: Corporate OA Manager Date:

TOTAL ORGANIC CARBON IN SOIL: WALKLEY-BLACK METHOD

1.0 SCOPE AND APPLICATION

1.1 This method is used to estimate the concentration of organic carbon in soils, sludges, and oils. The carbon in
carbonized materials such as charcoal is not amenable to this procedure.

1.2 The reporting limit (RL), the method detection limit (MDL), and the accuracy and precision limits are given
in Section 5 of the Savannah Laboratories Quality Assurance Plans.

2.0 SUMMARY OF METHOD

2.1 Organic carbon in soils is determined by adding 10 mL of standard potassium dichromate and sulfuric acid to
a weighed soil sample. After allowing sufficient time for oxidation of the organic carbon, the remaining
dichromate is back-titrated with standardized ferrous sulfate and the organic carbon is estimated.

2.2 This method is based on Method 29-3.5.2 from Methods qfSoilAnalysis(\).

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedure that you do not understand
or that will put you or others in potentially dangerous situations.

3.2 This procedure calls for the use of a strong oxidizer (potassium dichromate) and a strong acid (sulfuric acid).
The analyst must wear a lab coat or apron, protective eye glasses or face shield, and gloves when performing

this procedure.

3.3 Material Safety Data Sheets (MSDS) are available for each reagent and standard used in the lab. The analyst
should be thoroughly familiar with the MSDS which list safe handling and storage parameters for the materials.

4.0 INTERFERENCES

4.1 The organic matter in soils is, in general, not quantitatively oxidized by the dichromate in this procedure. The
TOC result obtained is therefore multiplied by a correction factor to account for the generally low recoveries
obtained by the method.

4.2 Certain oxidizable or oxidizing inorganic elements or compounds may interfere. High concentrations of
chloride can be a significant positive interference. If the presence of a high level of chloride is suspected, the
following correction equation can be used:

TOC, mg/L = Apparent TOC, mg/L - (mg/L C1712).

When Fe2* is present in soil, its oxidation by dichromate will result in a positive interference. Iron is generally
in the oxidized state (Fe3+) in aerated soils, and thus, this generally is not a problem. Highly reduced soil types,
such as deeply buried, fine-grained sediments, may contain appreciable quantities of Fe2*. These samples
should be dried in a drying oven at 105°C prior to analysis. This will allow for the Fe2* to be oxidized to Fe3+.
MnO2 present can be a negative interference, but only freshly precipitated MnO2 takes part in this redox

reaction; thus MnO2 interference is thought not to be a serious error in most soils (1).
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5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Sampling and storage of samples in glass bottles is preferable. Use of conventional polyethylene containers
is permissible if it is established that the containers do not contribute contaminating organics to the sample.
The sample should be stored at 4C ± 2C until analysis. The analysis should be performed as soon as possible

but should be completed within 28 days of collection.

6.0 APPARATUS AND MATERIALS

6.1 Analytical balance

6.2 Drying oven

6.3 Buret, 25-mL

6.4 Erlenmeyer flasks, 250-mL

7.0 REAGENTS

The preparation and standardization of all reagent must be documented in the appropriate log.

7.1 Reagent water - lab generated deionized water

7.2 Potassium dichromate, 1 N: Dissolve 49.04 g of reagent grade K2Cr2O7 (dried at 105°C) in DI water in a 1-L
volumetric flask, and dilute to volume.

7.3 Ferrous sulfate heptahydrate, 0.5 N: Dissolve 140 g of reagent grade FeSO<-7H20 in DI water, add 15 mL
concentrated sulfuric acid, and dilute to 1000 mL. This titrant should be standardized with each set of samples.

Calculate the normality of the ferrous sulfate as shown below:

IQmLxlN
FeSO4 used for titration

Standardize ferrous sulfate daily by titrating 10 mL of potassium dichromate solution.

7.4 Sulfuric acid, concentrated

7.5 Ferroin indicator: Commercially available 0.025M o-phenanthroline-ferrous complex

8.0 STANDARDS

No calibration standards are associated with this procedure. A check standard may be obtained from a reputable
vendor such as ERA, APG, or ASI. Municipal digest sludge may be used as a check standard if a certified value
is supplied. Ten milliliters (ImL) of the 2000mg/L TOC standard may be also used as a check standard
(assume the sample weight is lOg).

8.1 Potassium hydrogen phthalate (KHP)-reagent grade or better.
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8.2 Potassium hydrogen phthalate, 2000mg Carbon / liter
Dissolve 0.4256g of reagent grade KHP in approximately SOOmL of reagent water contained in a 1.0-L
volumetric flask. Dilute to volume with reagent water and transfer the stock standard to an amber glass
container. Label the container with the standard identification, concentration, analyst's initials, date prepared,
and the expiration date. Record the preparation in the standards prep log. Store the standard in the
refrigerator at 4C +/-2C. Prepare this standard monthly or as needed.

9.0 SAMPLE PREPARATION

The sample preparation steps are included as part of the Procedure (Section 10).

10.0 PROCEDURE

10.1 Remove the sample from the refrigerator and allow the samples to come to room temperature. Thoroughly mis
the material, removing sticks, rocks, and leaves.

10.2 Weigh out soil sample to contain roughly 10 to 25 mg organic C into a 250-mL Erlenmeyer flask.

Dark soils and sludges generally contain high concentrations of organic carbon and 0.05 - 0.1 g is
weighed out for these samples.

For medium-colored soils, 0.1 - 2.5 g of sample is used.

For light-colored soils and sands, 1-5 g of sample is weighed out.

10.3 Place Erlenmeyer flasks containing saturated sediments or other possibly anaerobic soils into a drying oven at
105°C for 1 h, or until they are thoroughly dry.

10.4 Add 10 mL potassium dichromate solution by pipet and swirl to mix. Rapidly add 20 mL of concentrated
H2SO4 (under a ventilating hood) and swirl to mix. Allow to cool and add 150 mL DI water.

10.5 Filter mixture through a glass fiber filter if it is too turbid to see color changes.

10.6 Add 8-10 drops ferroin indicator. Titrate with ferrous sulfate until color changes from blue-green to maroon.
If the titration requires less than 5 mL of FeSO4 titrant, repeat the analysis with a smaller quantity of soil.

11.0 CALCULATIONS

Calculate sample results with the following formula:

Organic C mz/kz = [(™L K: Cr2 °7xlN)~(mL FeSO<x feSOjJ * 3000 x f
8 ' 8 8 (W)(solids)

where
W= weight of soil (g)
solids = (percent solids)/! 00
f= 1.3

The factor f is empirically determined, but is taken to have a value of 1.3.
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12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 Ferrous sulfate is standardized daily by titrating it against 10 mL of 1 N K:Cr207.

12.2 A QC check standard, municipal digested sludge, or 2000mg/L TOC standard is analyzed in duplicate for every
twenty samples.

13.0 TROUBLESHOOTING

No items are included in this revision.

14.0 PREVENTIVE MAINTENANCE

No items are included in this revision.

15.0 REFERENCES

15.1 Methods of Soil Analysis; Page, A.L., et.al, ed. American Society of Agronomy: Madison, Wl, 1982.

15.2 Savannah Laboratories' Comprehensive Quality Assurance Plan and Savannah Laboratories' Corporate
Quality Assurance Plan, current revisions.
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TOTAL ORGANIC CARBON
WALKLEY-BLACK METHOD

Date Received Analyst's
Initials

Sample Log Sample I.D. Sample
Weight

Titer mL TOC
(mg/ks)

Dry
Weight

TOC
dwb
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Approval
Signature: ______

. Wayne Robttns _ / .
rate QA Manager ' Date: O // /7flTitle: Corporate QA Manager

TOTAL ORGANIC CARBON-SHIMADZU TOC ANALYZER

l.SCOPE AND APPLICATION

1.1 This method is applicable to the determination of total organic carbon (TOC) in ground water,
surface water, drinking water, domestic and industrial wastewater, soils, sediments, and other solids.

1.2 The linear range for TOC aqueous samples is from Img/L to 500mg/L for a 250uL injection volume.
Samples with TOC concentrations greater than 500mg/L require dilution before analysis. The linear
range for soils and solids samples is from 500mg/kg to 235000mg/kg for a lOOmg sample.

1.3 The reporting limit(RL), the method detection limit(MDL), and the accuracy and precision criteria
are given in Table 5 of the Savannah Labs Comprehensive Quality Assurance Plan (1) or client-
specified QAPP.

2.SUMMARY OF METHOD

2.1 Total organic carbon (TOC) is measured by treating a sample with hydrochloric acid (HC1) and
purging the sample to eliminate the inorganic carbon present in the sample. The HC1 converts any
carbonates present in the sample to C02, which is then purged out of the sample. Purging the sample
also eliminates any volatile organic compounds from the sample matrix; therefore, any direct
measurement of TOC is actually non-purgeable TOC. The acid treated sample is then combusted at
680C for liquids and 900C for soils. The carbon is converted to carbon dioxide and the carbon dioxide
is measured by an infrared (ER.) detector. The amount of carbon dioxide, expressed as carbon, is
directly proportional to the carbon content of the sample.

2.2 It is important that the analyst know the type of carbon analysis to be determined so that the proper
sample can be used for the analysis. The following "equation" shows the relationship between the
various forms of carbon that can be measured with this procedure:

TC = TOC + TIC
where

TC = total carbon
TOC = total organic carbon
TIC = total inorganic carbon

Since TOC has two components, purgeable and non-purgeable, the "equation"can be expanded:

TC = npTOC + pTOC + TIC

where npTOC = non-purgeable TOC
pTOC = purgeable TOC

I o f l 2
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Three of these forms of carbon can be measured directly- TC, npTOC, and TIC. The pTOC has to be
determined by difference.

In most cases, the pTOC is very small compared to the npTOC and the npTOC is reported as the
"total organic carbon".

2.3 This procedure is based on EPA Method 415.1(2), SW-846 Method 9060(3), and the SL
COMPQAP(l).

3.SAFETY

3.1 The analyst must protect herself/himself from exposure to the sample matrix. Many of the samples
analyzed for carbon content are potentially hazardous. The analyst must wear protective clothing (lab
coat or apron), eye protection (eyeglasses or face shield), and disposable gloves when handling the
samples.

3.2 The furnace on the carbon analyzer and on the soil analyzer must be cooled to room temperature
before maintainence can be performed. The temperature of the analyzer furnace can reach 680C and
the soil furnace can reach 900C. The analyst must be very careful to avoid touching these very hot
surfaces.

3.3 Care must be taken when handling hydrochloric acid(HCl) and solutions of hydrochloric acid. The
inorganic carbon reagent is 2N HC1 and must be handled with caution. This acid will cause chemical
burns and destroy unprotected clothing. The analyst must also use extreme caution when adding acid
to soil samples. The acid should be added slowly to minimize potentially violent reactions that will
splatter acid.

3.4 The carrier gas MUST remain on while the instrument is in operation. The analyst must ensure that
there is sufficient carrier gas available in the tank to complete the run. Failure to have carrier gas
running through the instrument while the combustion furnace is at the operating temperature may
result in melting of the combustion tubes.

3.5 The Material Safety Data Sheets(MSDS) for each regent and standard used in this procedure are
available for inspection and review by each analyst at each lab division. The MSDS contain
informadon on the potential hazard that each reagent poses and the guidelines for safely handling the
reagent. The MSDS also contains some first aid informadon and should be taken to the first aid
center or hospital with any person that requires a higher level of medical attention after exposer to
the reagent.

^INTERFERENCES

4.1 Sample particulates that are larger than the syringe will not be included in the carbon determination.
This condition may result in low results if the particulates contain measurable levels of carbon. The
analyst should be alert to samples that may clog the sample syringe.

4.2 Liquid samples containing oil or are oily in nature will deactivate the catalyst. The catalyst will have
to be regenerated or replaced prior to running other samples. It is highly recommended that oily
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samples be analyzed using the soil module or that the CCV and CCB be analyzed immediately after
these samples to evaluate the condition of the catalyst.

4.3 It is very important that the inorganic carbon be removed from the sample prior to the direct
determination of the TOC (non-purgeable TOC). Failure to remove the inorganic component of the
sample may result in artificially high TOC results.

5.SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5.1 Aqueous samples for total organic carbon are collected in 125-mL amber glass containers with zero
headspace and preserved with HC1 to pH < 2. A light blue dot is placed on the container to indicate
that the sample has been preserved with HC1. The sample is iced at the time of collection and is
stored at 4C +/- 2C until the time of analysis.

The pH of each aqueous sample for TOC must be determined and recorded when the sample arrives in the lab
to ensure proper preservation.

5.1.1 Pour a small aliquot of the well-mixed sample into a small plastic cup.

5.1.2 Dip a piece of wide range pH paper into the sample in the cup. NEVER dip the pH paper
into the sample container.

5.1.3 If the pH is less than 2 (<2), the preservative is correct and the sample can be stored in the
cooler.

5.1.4 If the pH of the sample is greater than 2 (>2), adjust the pH to less than 2 (<2) with small
aliquots of 1:1 HC1 solution. Thoroughly mix the acid and sample and re-test another aliquot of the
sample. Continue adding small aliquots of acid to the sample until the pH is less than 2. Record the
pH of the sample along with any adjustments and/or comments on the TOC sample pH log.

5.2 Soil and sediment samples are collected in 125-ml amber glass containers with minimum headspace.
The samples are iced at the time of collection and are maintained at 4C +/- 2C until the time of
analysis.

5.3 The hold time for an aqueous sample preserved with HCL is 28 days from the date of collection. The
maximum hold time for soil and sediment samples is 28 days from the date of collection.

6.APPARATUS AND MATERIALS

6.1 Shimadzu 5050A Carbon Analyzer

6.2 Volumetric pipets

6.3 Filters (0.45um) and disposable filters

6.4 Volumetric flasks
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6.5 Disposable transfer pipets

6.6 Ceramic boats for soil analyses

6.7 Aluminium pans

6.8 Ultra pure compressed air, regulator and appropriate fittings. The compressed air must contain less
than Ippm of carbon dioxide. This gas is used as the carrier and sparge gas for the analysis of
aqueous samples.

6.9 Oxygen, regulator, and appropriate fittings. The oxygen is used as the carrier gas in the analysis of
soil samples.

7. REAGENTS

7.1 Reagent water- lab-generated deionized water

7.2 Hydrochloric acid (HCl)-concentrated, reagent grade or better. Record the acid lot number in the
reagent prep log.

7.3 1:1 Hydrochloric acid solution (50% HC1)- Add approximately 400mL of reagent water to a 2.0-L
beaker. Place the beaker on a magnetic stir plate located under a hood. Add a Teflon stir bar to the reagent
water and turn the stir plate on. SLOWLY and CAREFULLY add SOOmL of concentrated HC1 to the
beaker in small aliquots. Hydrochloric acid is extremely toxic and has a suffocating odor. After the entire
500-mL of HC1 has been added, continue mixing and allow the solution to cool. After the solution has
cooled, transfer it to a 1.0-L volumetric flask and dilute to volume with reagent water. This solution
should be stored in a glass container. Prepare this solution every six months or as needed. Record the
preparation in the reagent prep log.

7.4 2 N HC1 Solution-Slowly add 42mL of concentrated HC1 to about 150mL of reagent water contained in
a 250-mL volumetric flask. Dilute to volume with reagent water. Transfer the reagent to a glass
container. This reagent must be prepared under a hood. HC1 has a suffocating odor and can cause
severe chemical burns.

7.5 Vanadium pentoxide-reagent grade

7.6 Tungsten oxide-reagent grade

8.STANDARDS

8.1 Stock standards

8.1.1 Potassium hydrogen phthalate (KHP)-reagent grade or better.

8.1.2 Potassium hydrogen phthalate, 2000mg Carbon /liter
Dissolve 0.4256g of reagent grade KHP in approximately SOOmL of reagent water contained in a 1.0-L
volumetric flask. Dilute to volume with reagent water and transfer the stock standard to an amber glass
container. Label the container with the standard identification, concentration, analyst's initials, date prepared,
and the expiration date. Record the preparation in the standards prep log. Store the standard in the refrigerator
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at 4C +/-2C. Prepare this standard monthly or as needed.

8.2 Calibration Standards-TOC
The KHP stock standard is used to prepare the calibration standards for the determination of TOC. The pH of
each calibration standard is adjusted to less than 2 with 1:1 HC1. The following table gives the volumes of
stock standard needed to prepare the given volume of the calibration standard:

Calibration
Standard (mg/L)

500

200

100

50

10

5.0

1.0

mL of 2000mg/L
Stock Standard

250

100

50

25

5.0

2.5

0.50

mL of Reagent Water

750

900

950

975

995

997.5

999.5

Final Volume

1000

1000

1000

1000

1000

1000

1000
The concentration of the calibration standard can be determined using the following equation:

(Cs)(Vs) = (Ccal)(Vcal)

Ccal =
(Cs) (Vs)

(Veal)

where
Cs = concentration of the stock standard (mg/L)
Vs = volume of stock standard needed to prepare the calibration standard(L)
Ccal = concentration of the calibration standard to be prepared (mg/L)
Veal = volume of the calibration standard to prepare (L)

9. SAMPLE PREPARATION

9.1 There is essentially no sample preparation for aqueous samples. The samples are loaded on to the
autosampler and the sampling sequence is initiated. The analyst should be alert for samples with high
solids and particulates that may clog the syringe or may produce results that are lower than might
expected.

NOTE: It may be difficult to establish correlation between the TOC, BOD, and COD for samples with high
particulates. The syringe system used by the Shimadzu instrument may effectively filter out particulates that
may be included in the determination of BOD and COD.

9.2 Soil samples for TOC analysis are dried to produce a free flowing, homogeneous sample. The dried
sample is treated with concentrated HC1 to convert the carbonates and bicarbonates to carbon dioxide,
which evolves from the sample.
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9.2.1 Weigh approximately 5g to lOg of the soil or sediment sample into an aluminum pan.

9.2.2 Place the pan in the oven and allow the moisture to evaporate over night at 105C.

NOTE: Headng the soil will drive off the volatile organics. The TOC measured from the soil is the non-
purgeable or non-volatile component of the total organic carbon. Since the volatiles are usually very low
compared to the non-volatile, the non-volatile component is reported as the TOC.

9.2.3 Remove the samples from the oven. Crush any lumps that may be present with a spatula or
spoon and mix the sample to obtain a homogeneous sample.

9.2.4 Weigh out five (5) lOOmg portions of the sample into the ceramic "boats". Record the weight
of each sample to the nearest 0. ling on the analysis log.

9.2.5 Add approximately 0. lOmL of concentrated HCL to each ceramic "boat". Additional HC1 can
be added if the soil has a high carbonate content. This step should be performed in a hood.

9.2.6 Place the sample "boats" into the oven to allow the excess HCL to evolve. The sample is now
ready for analysis.

10.PROCEDURE

10.1 Aqueous Samples-TOC

10.1.1 Turn the Shimadzu 5050A on and set the following parameters:

Analyzer Furnace: 680 C
Carrier Gas: 150mL/min (ultrapure compressed air)
Purge Gas: 50mL/min (ultrapure compressed air)
Injection Volume: 250uL (0.250mL)
Minimum Number of Replicates: 3
Maximum Number of Replicates: 5

Allow the instrument to equilibrate and the furnace to reach the set point before processing samples.

10.1.2 Set up the calibration standards on the autosampler. The lowest standards should be analyzed
first. The analytical sequence is :

Range 1 Calibration Standards:
l.Omg/L
5.0mg/L
lOmg/L

Range 2 Calibration Standards
l.Omg/L
lOmg/L
50mg/L
lOOmg/L

Range 3 calibration Standards
l.Omg/L
lOOmg/L
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200mg/L
500mg/L

Initial Calibration Verification(ICV/LCS)
Initial Calibration Blank (ICB)
10 client samples (in replicate)
Continuing Calibration Verification(CCV/LCSD)
Continuing Calibration Blank (CCB)
10 client samples (in replicate, including an MS/MSD per batch of twenty samples)
CCV/LCS
CCB

This sequence continues until there are no more samples to fill the slots. The CCV and CCB must "cap" the
end of the analysis sequence. Note that the ICV and the CCV are from a separate source (ERA) and are
evaluated for calibration verification and overall analytical control(accuracy and precision)

The initial calibration is performed each time samples are analyzed.

10.1.3 Record the sample identifications on the analysis log sheet to correspond to the position occupied
by the samples on the autosampler tray.

10.1.4 Start the analyzer. The samples will be processed automatically.

10.1.5 After the sequence has ended, evaluate the QC and the sample results.

10.1.5.1 If the ICV or a CCV or the ICB or a CCB has failed, the samples analyzed between the failed
CCV or CCB must be re-analyzed. The result for the ICV/CCV must be 80-120% of the true value. The
results for the ICB/CCB must be less than the quantitation limit of Img/L.

10.1.5.2 If a sample contains a concentration of TOC greater than the linear range of the calibration
curve, the sample must be diluted and re-analyzed.

10.2 Soil Samples-TOC The TOC analyzer is initially calibrated using a 1-point calibration curve on each
analysis range. The curve is plotted from zero through the area corresponding to the standard for the
specified range. The calibration levels are:

RANGE mg KHPmg Carbon
XI 2.1 1.0
X5 8.0 3.8
X30 50 23.5

These standards define the linear range of the instrument.

10.2.1 Turn the Shimadzu 5050A and soil analyzer module on and set the following parameters:

Soil Analyzer Furnace: 900 C
Carrier Gas: 50mL/min (oxygen)
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11.2.1.1 The theoretical concentration of an aqueous sample that has been spiked with the matrix spiking
solution is

0.5mL x 2000mg/L 0.0005L x 2000mg/L
mg/L = ————————— = ——————————— = lOmg/L

lOOmL 0.100L

11.2.1.2 The theoretical concentration of a soil sample that has been spiked with a 20mg portions of dextrose
is:

20mg x 0.40mgC/mg 8mg C
mg/kg,dw = ——————————— = ———— = 80000 mg/kg

lOOmg lOOmg

11.2.1.3 The percent recovery of the matrix spike in the matrix spike sample is calculated:

(Cms - Cs)
%recovery (%REC) = ————— x 100

Ts
where

Cms = concentration of the spiked sample (MS or MSD)
Cs = concentration of the unspiked sample
Ts = theoretical concentration of the spike

11.2.1.4 The matrix spike samples are analyzed in duplicate. The relative percent recovery(%RPD), a measure
of precision, is calculated for the MS/MSD pair as follows

%REC(MS) - %REC(MSD)
%RPD = | —————————————————— | x 100

(%REC(MS) + %REC(MSD)) / 2

11.2.2 The lab control standard is purchased from ERA (Environmental Resource Associates). The standard
conies in a vial that is diluted to a specified volume with reagent water. The results are compared to the values
contained on the certificate of analysis. The lab control sample for soil samples is dextrose. Twenty milligrams
of dextrose is weoghed into a ceramic boat and analyzed as a sample. An EPA sample, municipal digested
sludge, is also analyzed as a control standard.

11.2.2.1 The recovery of the lab control standard is calculated as follows:

Clcs
%REC = ——— x 100

Ct

Where
Clcs = concentration of the LCS or LCSD
Ct = theoretical concentration of the LCS or LCSD

11.2.2.2 The lab control standards samples are analyzed in duplicate. The relative percent recovery(%RPD), a
measure of precision, is calculated for the LCS/LCSD pair as follows
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Allow the instrument to equilibrate and the furnace to reach the set point before processing samples.

10.2.2 Before samples are processed, a 1.0-mL aliquot of 2N HC1 is combusted in the furnace to clean and
regenerate the catalyst.

10.2.2.1 Add O.lOmL of 2N HC1 to the ceramic "boat"

10.2.2.2 Add sufficient ceramic "wool" to cover the acid.

10.2.2.3 Place the "boat" into the furnace and allow the sample to cycle through the combustion and cooling
steps.

10.2.3 A method blank, consisting of the ceramic "boat", ceramic "wool" and metal catalyst (vanadium
pentoxide or tungsten oxide), is then processed through the combustion and cooling cycle to evaluate the
contribution of the "boat", ceramic "wool", and the metal catalyst to the overall TOC analysis. If the weight of
a "blank sample" is assumed to be lOOmg, the method blank should be less than 500mg/kg,dw.

10.2.4 After the method blank has been analyzed, the following QC Check Standards are analyzed: four 20-mg
portions of dextrose and one 15-mg to 18-mg portion of the EPA Municipal Digested Sludge. The recovery of
each of these check standards must be within the SL COMPQAP Table 5 criteria for recovery. The duplicate
analyses of the dextrose standards ar e used to evaluate precision, which must be less than the Table 5 limit
for %RPD

10.2.5 The client samples are prepared as described in Section 9.2. It is important that all of the inorganic
carbon be converted to CO2 prior to the analysis of the soil for TOC.

10.2.6 One of the five prepared portions of soil is analyzed on the X5 range to determine the proper range for
that particular sample.

10.2.6.1 If the result for the sample is within the X5 range, that is, if the result is quantifiable but less than the
high standard (within the linear range), the X5 range is used and three of the other portions are analyzed on
the X5 range. Each sample must be analyzed in quadruplicate.

10.2.6.2 If a peak is not quantified, a second lOOmg portion of the sample is analyzed on the XI range. The
three remaining portions of sample are analyzed on the XI range. Each sample must be analyzed in
quadruplicate.

10.2.6.3 If the concentration of the initial analysis exceeds the linear range on the X5 range, a second portion
of the sample is analyzed on the X30 range. If the result on the X30 range is within the linear range, the
remaining portions are analyzed on the X30 scale. Each sample must be analyzed in quadruplicate.

If result is above the linear range on the X30 range, a smaller aliquot of sample should be weighed and
analyzed.

10.2.7 Each soils sample must be analyzed in quadruplicate on the same range setting. The average result of
the four replicates is reported unless a request is made for the result of each individual replicate.
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11. DATA ANALYSIS/CALCULATIONS

11.1 The concentrations of TOC in client and QC samples are taken from the linear regression curve.

11.1.1 The results for liquid samples are calculated as follows:

mg/L (in sample) = mg/L (from printout) x DF

where
DF = dilution factor

1 1. 1.2 The Reporting Limit (RL) is calculated:

RL(mg/L) = RL,̂ , x DF

where RLW = reporting limit from Table 5, SL COMPQAP
DF = dilution factor

The SL Quality Assurance Plan Reporting Limit assumes that DF=1.

11.1.3 The results for soil sample is calculated as follows:

mg/kg,dw = mg/kg(from curve)

Since the sample is dried prior to analysis, the result from the printout is given on a "dry weight basis". The
weight of the soil is entered into the data system and the result is calculated as mg/kg, dw since the sample is
dried prior to analysis.

11.1.4 The Reporting Limit (RL) is calculated:

lOOmg
mg/kg,dw = RLqap x

W
where

RLW = reporting limit from Table 5, SL COMPQAP
W = weight of sample analyzed (mg)

The SL Quality Assurance Plan Reporting Limit and assumes that 100mg(0. lOOg) of sample is analyzed.

11.2 The concentration of TOC in the lab control and matrix spike samples is determined as in Section
11.1. The concentration is compared to the theoretical spike concentration and the percent
recovery is calculated.

11.2.1 O.OmL of the 50mg/L matrix spiking solution is added to a 250mL aliquot of a liquid sample or to
lO.Og of a soil sample(the soil sample is mixed with 250mL of reagent water)
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%REC(LCS) - %REC(LSCD)

%RPD =| -—————--——-————-———- | x 100
(%REC(LCS) + %REC(LCSD)) / 2

12. QUALITY ASSURANCE /QUALITY CONTROL

12.1 The analytical batch consists of up to twenty client samples and the associated QC items. The QC
items for an analytical batch consist of a method blank, a lab control standard(LCS), a lab
control standard duplicate(LCSD), a matrix spike(MS), and a matrix spike duplicate( if there is
sufficient volume to perform the MS/MSD)

12.2 Evaluation of QC Data

12.2.1 The method blank is reagent water that is taken through all of the analytical procedures. The
concentration of TOC in the method blank is a measure of the contamination due to the entire analytical
process.

12.2.1.1 The concentration of TOC in the method blank must be less than l.Omg/L for liquids and 500mg/kg
for soils( Assuming a "soil" weight of lOOmg(O.lOOOg).

12.2.1.2 If the concentration of TOC in the method blank is greater than l.Omg/L for liquids and 500mg/kg
for soils, contact the immediate supervisor to determine the cause of the contamination. If the cause of the
contamination cannot be determined and corrected, the batch of samples processed with the method blank
must be reanalyzed.

12.2.2 The lab control standard (LCS or LCSD) is a standard obtained or prepared from a separate source (
a source different from the source of the calibration standards) and taken through all of the analytical
procedures. The LCS for TOC is purchased from ERA. A certificate of analysis must accompany the lab
control standard and the certificate must be kept as a record of the true (theoretical) concentration of the LCS.

12.2.2.1 The recoveries(%REC) of the LCS and LCSD must be between 80% and 120%. The relative percent
difference(%RPD) between the LCS and LCSD must be less than 20%

12.2.2.2 If the recovery of TOC in the LCS or LCSD is outside of the 80-120% range, contact the immediate
supervisor to determine the cause. If the %RPD of the LCS/LCSD is greater than 20%, contact the immediate
supervisor to determine the cause. If the cause of the failure of either the %REC or %RPD cannot be
determined and corrected, the batch of samples processed with the LCS/LCSD must be reanalyzed.

12.2.3 The matrix spike and matrix spike duplicate (MS/MSD) is prepared by adding a known
concentration of a TOC standard to a known volume or weight of a client sample. The spiked samples are
processed through the entire analytical procedure. The accuracy and precision results from the MS/MSD are a
measure of the effect that the sample matrix has on the determination of TOC.

12.2.3.1 The recoveries(%REC) of the MS and MSD should be between 60% and 140%. The relative percent
difference(%RPD) between the MS and MSD should be less than 40%.

12.2.2.2 If the recovery of TOC in the MS or MSD is outside of the 60-140% range, contact the immediate
supervisor to determine the cause. If the %RPD of the LCS/LCSD is greater than 40%, contact the immediate
supervisor to determine the cause. If the cause of the failure of either the %REC or %RPD cannot be
determined and corrected and the LCS/LCSD are within the specified control limits, the cause can be
attributed to matrix interference(s).
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NOTE : FOR PROJECTS WHICH REQUIRE FLORIDA DEP QAS CRITERIA,
MATRIX SPIKE RESULTS WILL BE UTILIZED FOR LABORATORY CONTROL. IF THE
MATRIX SPIKES ARE OUT OF CONTROL, LABORATORY CONTROL STANDARD (LCS) AND
METHOD CONTROL CRITERIA WILL BE UTILIZED FOR ULTIMATE CONTROL OF THE
ANALYTICAL BATCH.

12.3 The method detection limit (MDL) is defined as the concentration of the an analyte that can be
measured with a 99% confidence that the result is greater than zero. The MDL is determined by
spiking 10 aliquots of reagent water or 10 aliquots of blank soil (a soil that has been analyzed
previously and found to contain no TOC above the RL) with a known concentration of TOC. The
spiked samples are taken through the analytical process. The results of the analysis of the spiked
samples is used to calculate the MDL.

12.3.1 Prepare the spiked samples for the determination of the Method Detection Limit.

12.3.1.1 Spike ten(10) 100-mL aliquots of reagent water with O.lOmL of the TOC matrix spiking solution (
2000mg/L) to determine the MDL for liquid samples. The concentration of TOC in the water sample is 1.0
mg/L.

12.3.1.2 Spike ten(10) aliquots of a blank soil (a soil that has been analyzed previously and found to contain
no TOC above the RL) with 0.025mL of the TOC matrix spiking solution (2000mg/L) to determine the MDL
for soil/solid samples. The concentration of the TOC in the soil sample is 1000 mg/kg.

12.3.2 Analyze (Section 10.) the MDL samples. Calculate the concentration of the samples (Section 11.).
Enter the data on the LIMS sheets. A LIMS-based program will calculate the MDL. A report will also be
generated and returned to each section as a record of the MDL

13. REFERENCES

(1) Savannah Laboratories Comprehensive Quality Assurance Plan, 1998

(2) Method for Chemical Analysis of Water and Wastes; U.S. EPA Office of Research and Development:
Cincinnati, OHIO, March, 1983

(3) Test Methods for the Evaluating Solids Wastes, Third Edition, SW-846; US EPA Office of Solid
Waste and Emergency Response: Washington, DC.
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JL Wayne 1
Title: Corporate QA Manager * Date:_

TOTAL ORGANIC CARBON: DOHRMANN DC-80 METHOD

1.0 SCOPE AND APPLICATION

This method is used to determine total organic carbon (TOC) in drinking water, groundwater,
and wastewater, as well as some sludges. In addition, procedures are given for determining total
carbon (TC), total inorganic carbon (TIC), and dissolved organic carbon (DOC).

2.0 SUMMARY OF METHOD

Organic carbon in liquid samples is determined by oxidation with a persulfate solution in a
digester cell, accelerated with UV light. The organic carbon present in the sample is oxidized to
CO? which is swept by an Ch stream to an infrared detector. Samples are acidified and purged
prior to instrumental analysis to remove inorganic carbon in the form of carbonates and
bicarbonates.

Total carbon in liquid samples can be determined by not acidifying the samples upon collection
and omitting the purging step prior to analysis.

Total inorganic carbon can be determined in liquid samples by not acidifying and not purging the
samples prior to analysis. In addition, the persulfate digestion reagent is replaced by a 10%
H2SO< solution and the UV light is turned off.

Dissolved organic carbon can be determined by filtering the sample through a 0.45-um
membrane filter prior to acidification. The sample is then analyzed as it would be for total
organic carbon.

This standard operating procedure is based on EPA Method 415.1(1), Standard Method
5310C(2), and SW-846 method 9060(3).

3.0 INTERFERENCES

In TOC analysis, inorganic carbon is removed from the samples by acidification and purging
with oxygen. This may remove easily volatilized substances containing organic carbon, however.
If the sample is suspected of containing significant quantities of organic carbon that will be

purged by this procedure, the total carbon and the total inorganic carbon can be determined in the
sample. The difference of the two values should be the true total organic carbon, including the
purgeable organic carbon.

Samples containing substances composed of difficult-to-oxidize organic carbon may be slowly
oxidized and result in "timeout" errors. This problem can be resolved by injecting a smaller
amount of sample, or dilution and reanalysis of the sample.

Relatively high concentrations of chloride in the sample can interfere in the oxidation process.
This can result in timeout errors. If samples are suspected of containing high chloride
concentrations, a mercury-containing persulfate solution is substituted for the normal digestion
reagent.

Contamination can be a problem in total organic carbon determinations. Minimize
contamination by careful handling of samples, standards, and blanks, and insuring the use of
clean labware.
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4.0 APPARATUS AND MATERIALS

Dohrmann DC-80 TOC analyzer, or equivalent instrument
Furnace attachment for DC-80
Syringes, 250- and 1000-uL
Medicine cups
Volumetric glassware

5.0 REAGENTS AND STANDARDS

Digestion reagent, 2% potassium sulfate: Dissolve 20 g of reagent grade potassium persulfate
(K^SsOg) in some DI water. Add 1 mL of concentrated phosphoric acid (HsPO-O, and dilute to 1
L. Store in a cool dark place.

Mercuric digestion reagent: Dissolve 8.2 g reagent grade mercuric chloride (HgCh) and 9.6 g
reagent grade mercuric nitrate monohydrate (Hg(NO3):'H2O) in 400 mL of DI water. Add 20 g
of reagent grade potassium persulfate (foSzOg) and 5 mL concentrated nitric acid (HNOs). Mix
well and dilute to 1 L with DI water.

TOC stock standard, 2000-mg/L: Dissolve 0.425 g (dried 1 h at 105° C) reagent grade potassium
hydrogen phthalate (KHP) in some DI water and dilute to 100 mL. Standards are prepared fresh
at least monthly.

TOC working standard, 400-mg/L: Pipet 20 mL of 2000-mg/L standard into a 100-mL
volumetric flask. Dilute to volume with DI water.

TOC working standard, 10-mg/L: Pipet 5 mL of 2000-mg/L standard into a 1-L volumetric
flask. Dilute to volume with DI water.

Matrix spikes: Spike samples at 100 mg/L using stock standard solution.

Oxygen gas, commercial grade

TIC cell solution: Dilute 0.3 mL concentrated sulfuric acid (tbSO*) to 1 L with DI water.

TIC calibration standard, 400-mg/L: Dissolve 3.532 g of dry reagent grade sodium carbonate
in some DI water. Dilute to 1 L.

TIC independent check standard, 40-mg/L: A 400-mg/L stock check standard is prepared as
above, but independently from standard used for instrument calibration. A volume of 50 mL of
the 400-mg/L stock is then diluted to 500 mL with DI water to yield the 40-mg/L independent
check standard.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Samples for TOC analysis are collected in 125-mL amber glass bottles with no headspace,
preserved with H2SO4 to a pH < 2 (green dot), and cooled to 4° C. Holding time for TOC
samples is 28 days.

Samples for TC and TIC analyses are collected as above, but no preservative is added to the
sample (purple dot). Samples are refrigerated, however.

Samples for DOC analysis are collected as above, with no preservative added to the sample
bottles. Samples are filtered with pre-cleaned 0.45-um filters, as soon as possible after collection.
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7.0 PROCEDURE

Turn on the oxygen to the instrument. Turn on the DC-80 by depressing the "power" button.
Allow the instrument to warm up for 20 min. The oxygen flow rate should be 200 mL/min
(regulator should be set at 35 psi).

For routine operation, "200 uL" is selected as the injection volume.

Select the "del" function to check baseline stability. This allows one to read to real-time CO:
concentration in the detector. The readings on the digital readout should be reasonably stable. If
not, this indicates a possible oxygen leak, which should be corrected prior to calibration and
analysis.

In addition to being stable, the reading of the baseline should be between 0.0100 and 0.0110. If
it is not within this range, set it by adjusting the "zero" adjustment with a screwdriver. The
instrument is now ready for calibration. The instrument should be calibrated daily or upon
instrument startup. Load 200 uL of the 400-mg/L standard into the syringe. Press the "start"
button and inject the standard. After the instrument has completed integration of the sample (the
instrument beeps and the "ready" light comes on), the "calibrate" button is pressed momentarily
(< 1 s). This averages and stores the calibration result.

Up to seven calibration results can be averaged and stored by the instrument.

If the calibration result appears lower than normal, all old standard values can be erased by
pressing the calibrate button until the light goes off.

After calibration, an independent calibration verification standard is analyzed, followed by a
blank. If the calibration verification standard and blank meet control criteria, these are followed
by the analysis of 10 samples.

Prior to the analysis of samples, they must be purged to rid them of any CO? from inorganic
carbon remaining in solution. A sample is purged by pouring a portion of it into a medicine cup,
placing the metal probe into the cup, turning on the oxygen with the toggle switch on the side of
the instrument, and allowing it to sparge for 5-6 min.

After purging, the samples are injected into the instrument and analyzed. Sample TOC
concentration is read from the LED readout on the instrument when the function switch is set to
"ppm." Sample TOC concentrations are also printed out on a paper tape.

After 10 samples are analyzed, another QC-check standard is analyzed, followed by another
blank. All QC data bracketing the 10 samples must meet acceptance criteria in order for the
sample data to be acceptable.

Samples which contain high concentrations of TOC or difficult-to-oxidize organic matter
(indicated by the "error" light coming on) may require dilution or use of the furnace technique.
In order to get a representative sample, samples containing suspended matter should not be too
highly diluted. For these types of samples and sludges, the furnace technique should be used.

Samples containing high concentrations of chloride may also result in "timeout" errors. If
samples are suspected of this problem, remove the digestion reagent from the digestion cell and
receptacle and replace with the mercury containing reagent.

8.0 QUALITY CONTROL/QUALITY ASSURANCE

A single-point calibration is performed daily or upon instrument power-up with a 400-mg/L TOC
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standard. Occasionally, for groups of high level samples, calibration is performed with a 2000-
mg/L TOC standard.

A calibration verification standard is analyzed upon calibration, after every 10 samples, and at
the end of every run.

A blank is analyzed immediately after each calibration verification standard.

All QC data bracketing the 10 samples must meet acceptance criteria in order for the sample data
to be acceptable.

A matrix spike and a matrix spike duplicate are analyzed for each batch or each 20 samples,
whichever is more frequent.

If SW-846 method 9060 for TOC is specified, samples are analyzed in quadruplicate.

Samples with TOC concentrations < 10 mg/L are analyzed in duplicate.

A linearity check is performed monthly, by the analysis of 5-, 25-, 100-, 200-, and 400-mg/L
standards. The correlation coefficient for the linear least squares line through the points should
be > 0.995.

For TC determinations, QC is as above. For TIC, QC as for TOC and TC, except substituting
TIC standards for TOC standards.

For DOC determinations, QC is as given above for TOC. In addition, if samples are not filtered
in the field, two filtered blanks and two filtered standards are analyzed for every batch or every
20 samples.

9.0 REFERENCES

1. Methods for Chemical Analysis of Water and Wastes; U.S. EPA Office of Research and
Development: Cincinnati, OH, March, 1983.

2. Standard Methods for the Examination of Water and Wastewater, Eighteenth Edition;
American Public Health Association: Washington, DC, 1992.

3. Test Methods for Evaluating Solid Waste. Third Edition; U.S. EPA Office of Solid
Waste and Emergency Response: Washington, DC, November, 1986.

4. Dohrmann DC-80 Total Organic Carbon Systems Manual; Santa Clara, CA, July, 1986.
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TOC WORKSHEET

EPA Method 415.1

Date Sample Log # Sample ID Volume
Used
(uL)

Vial# Tape* TOC TOC Avg. Comments
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Approval
Signature:___

/ R. Waynel&bbij
Title: Corporate OA Manager Date:

PERCENT SOLIDS/PERCENT MOISTURE FOR REPORTING SOILS ON A
"DRY-WEIGHT BASIS'

1.0 SCOPE AND APPLICATION

This method is applicable to the determination of the percent solids (or percent moisture) in soils,
sediments, sludges, and other solid materials that must be reported on a "dry weight basis".

2.0 SUMMARY OF METHOD

2.1 A well mixed sample is transferred to a tared aluminum weighing pan or crucible and the sample is
placed in an oven maintained at 103C-105C. The residue that remains after the liquid has been
evaporated is the solids portion of the sample. The solids can be expressed either as the percent
solids or as the percent moisture.

2.2 This procedure is based on the percent solids determination in SW-846 Methods 3050 and 3550.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or that will put you or others in potentially dangerous situations.

3.2 The analyst must protect himselfTherself from exposure to the sample matrix. Many of the samples
that tested for percent solids may contain hazardous chemical compounds or biological organisms .
The analyst must wear protective clothing (lab coat or apron), eye protection (glasses or face
shield), and disposable gloves when handling these samples.

3.3 The analyst should handle samples that have been dried at 103C - 105C with caution. This
temperature can cause skin bums.

3.4 The MSDS for the reagents used in this procedure are on file in the laboratory and are available for
reference and inspection.

4.0 INTERFERENCES

The major cause of interferences will be from glassware or other containers that have not been
properly cleaned or prepared prior to the analysis. Since the basis of this procedure is the
difference in the weight of the aluminum pan or crucible containing the residue and the tare weight
of the crucible, care must be taken to ensure that the aluminum pan or crucible is not treated in
such a manner to add or lose weight.
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5.0 SAMPLE COLLECTION, HANDLING, AND PRESERVATION

Aliquots of samples for the determination of percent solids are routinely sub-sampled from the
lOOmL to 500-mL widemouth containers collected for metals or organic extractable analyses.
These samples are iced at the time of collection and are maintained at 4C+/-2C until the time of
analysis. The percent solids should be determined as soon as possible.

6.0 APPARATUS AND MATERIALS

6.1 Aluminum pans

6.2 Top-loading balance-capable of weighing to the nearest 0.01 g

6.3 Drying oven-capable of maintaining a temperature of 103-105C

6.4 Spatula or other utensil for transferring sample

7.0 REAGENTS

No reagents are required for this procedure.

8.0 STANDARDS

Calibration and check standards are not required for this analysis.

9.0 SAMPLE PREPARATION

Sample preparation steps are included in Section 10.

10.0 PROCEDURE

10.1 Calibrate and verify that the top loading balance is working within the proper parameters in
accordance with SL SOP ANlQ:Balance Calibration and Use.

10.2 Label an aluminum pan with an identification number. Weigh the pan on the top loading balance.
Record the ID and the weight (to the nearest O.Olg) of the aluminum pan on the bench sheet.

10.3 Tare the balance by pressing the auto tare button. This will zero the balance.

10.4 Thoroughly mix the sample with a stainless steel spatula or glass rod. It is important to obtain a
homogeneous mixture prior to sub-sampling so that the sub-sample will accurately reflect the
composition of the sample. Leaves, rocks, and other foreign materials should not be included in the
sub-sample.

NOTE: If there is any doubt as to how to treat a given sample, contact the immediate supervisor to
determine the proper course of action. SL SOP AN70 provides guidance for homogenizing
samples.

10.5 Add a 5g to 10 g aliquot of the well-mixed sample to the tared aluminum pan. Record the sample
identification and weight of the sample to the nearest O.Olg on the analysis log.

BA51-Page2of 4

SAVANNAH LABORATORIES
1 SHVIKONUCHTAl SfSWCES INC



BA51:08.26.97:0

10.6 Place it in the drying oven maintained at 103-105C. The sample should remain in the oven
overnight.

10.7 Remove the aluminum from the oven, allow them to cool slightly, and place them in the desiccator.
Remember not to place the aluminum pan on a surface that can cause dirt or other foreign objects
to adhere to the pans. After the pans are cool, place them in the desiccator.

10.8 Allow the aluminum pans to remain in the desiccator until completely cool.

10.9 Weigh the aluminum pan with the sample residue on the top-loading balance and record the weight
of the pan and the residue to the nearest O.Olg. Calculate the total solids (percent solids) using the
equation in Section 11.

11.0 CALCULATIONS

11.1 The percent solids is calculated using the following equation:

percent solids = ——— x 100y W

where
A = weight of sample residue and aluminum pan (g)
B = weight of aluminum pan (g)
W = weight of sample used to determine the percent solids (g)

To express the percent solids as percent mixture:

Percent moistue = 100- percent solids

To express the percent solids as a decimal equivalent ("solids") for calculating sample results on a "dry
weight basis":

0 ... percent solidsSoilds = -—————
100

12.0 QUALITY CONTROL/QUALITY ASSURANCE

The balance must be checked in accordance with SL SOP AN 10: Balance Calibration and Use
prior to use.

13.0 PREVENTIVE MAINTENANCE

No items in this revision.

14.0 TROUBLE-SHOOTING
No items in this revision.
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15.0 REFERENCES

15.1 Savannah Laboratories Comprehensive Quality Assurance Plan and Savannah Laboratories
Corporate Quality Assurance Plan, current revisions.

15.2 Test Methods for Evaluating Solids Waste, Third Edition, SW-846; USEP A Office of Solids
Waste and Emergency response, Washington, D.C.
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Approval X
S ignature: /<L._________

/ R. WayneRo^bins /
Title: Corporate QA Manager Date:

pH ELECTROMETRIC MEASUREMENT
OF WATER, SOILS, AND WASTES

1.0 SCOPE AND APPLICATION

1 . 1 This procedure can be used to determine the pH of aqueous samples and soil and waste samples. Aqueous
samples include monitoring wells, wastewater, and industrial waste such as influents and effluents. Waste
samples include solids, sludges, or non-aqueous waste. The possible range pH is 1 to 14.

This SOP also contains procedures for determining pH with pH paper. pH paper can be used to determine
if a sample is properly preserved, if a sample has been adjusted to the proper range for extraction, digestion,
or leaching, or to approximate the pH before the pH electrode is employed.

1 .2 pH is defined by the following equation:

This shows that pH is a logarithmic function; that is, an increase or decrease of one pH unit represents a ten-
fold change in hydrogen ion concentration. The following table demonstrates the relationship between pH
and hydrogen ion concentration:

PH

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

14.0

Hydrogen Ion
Concentration

0.10 ( I x l O ' 1 )

0.010 ( Ix lO- 2 )

0.0010(1x10°)

0.000 10 ( l x l O J )

0.0000 1 0 ( l x ID'5)

0.0000010(1 xlO"6)

0.000000 1 0 ( l x l O ' 7 )

1 xlO-"

1 x ID"'

1 x ID'10

I x l O ' "

1 x ID'12

1 x 10-13

1 x It)'14
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2.0 SUMMARY OF METHOD

2.1 The pH of an aqueous sample is determined potentiometrically using a combination electrode with
temperature compensation. A soil or waste sample is mixed with reagent water. The pH of the solution is
measured with the electrode. This procedure may not be used to determine whether a non-aqueous material
exhibits the hazardous characteristic of corrosivity (see Chapter 7 of SW-846 Section 7.2).

2.2 The pH meter/electrode is calibrated using a series of certified buffer solutions that bracket the pH of the
sample. This procedure for an aqueous sample is based on EPA Method 150.1, SW-846 Method 9040, and
SM4500-H+. This procedure for a soil or waste sample is based on SW-846 Method 9045C.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedure that you do not
understand or will put you or others in a potentially hazardous situation.

3.2 The analyst should wear a lab coat or apron, gloves, and eye protection when handling the pH buffers and
samples.

3.3 MSDS (Material Safety Data Sheets) are available for each reagent and standard used in the lab. The
analyst should be familiar with the information supplied in the MSDS.

4.0 INTERFERENCES

4.1 Coatings of oily material or particulate matter can impair electrode response. These coatings can usually be
removed by gentle wiping with a Kimwipe moistened with hexane followed by rinsing with reagent water.
Additional cleaning with hydrochloric acid may be required if the response is sluggish after cleaning with
hexane. See Standard Methods 4500-H* Section 5b.

4.2 Temperature effects are minimized by the use of a meter/electrode confirmation that automatically
compensates for temperature. The temperature of the samples should be at or near the same temperature as
the buffer solutions.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Aqueous samples for pH measurement should be collected in 100-mL plastic containers. Waste or soil
samples for pH measurement are routinely collected in a 100ml glass or plastic container. All containers
should be stored a t4°C±2°C until analysis. The pH must be determined as soon as possible after
collection.

6.0 APPARATUS AND MATERIALS

6.1 pH Meter: Orion Model 501 or equivalent instrument with combination electrode (Orion 91-55 or
equivalent) with temperature compensation.

6.2 50ml beakers or other suitable container

6.3 Magnetic stirrer and Teflon-coated stir bars

6.4 Analytical Balance

6.5 pH Paper - wide and narrow range
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7.0 REAGENTS

Reagent Water - Lab generated deionized water

8.0 STANDARDS

8.1 Certified pH buffers to bracket pH range of samples. Suggested buffers are 2.0, 4.0, 7.0, 10.0, and 13.0.

8.2 Check Standard: certified solution from ERA or other vendor.

9.0 " SAMPLE PREPARATION

9.1 Sample Preparation of Aqueous Samples

There are no preparation steps for the determination of pH in aqueous samples.

9.2 Sample Preparation of Soil Samples

If there is insufficient soil to use 20g, a smaller aliquot can be used if the 1:1 ratio of sample to water is
.maintained.

9.2.1 To 20g of soil in a 50ml beaker, add 20ml of reagent water. Add a magnetic stir bar to the beaker and place
the beaker on the magnetic stir plate. Stir the suspension for 5 minutes. Additional dilutions are allowed if
working with hygroscopic soils and salts or other problematic matrices. If the ratio of water to sample is
greater than 1:1, include this information on the reported results.

9.2.2 Let the soil suspension stand for about 1 hour to allow most of the suspended material to settle out from the
suspension or filter or centrifuge to obtain the aqueous phase for pH measurement.

9.3 Sample Preparation of Waste Materials

9.3.1 To 20g of waste sample in a 50-mL beaker, add 20mL of reagent water, cover, and continuously stir in the
suspension for 5 minutes. Additional dilutions are allowed if working with hygroscopic wastes and salts or
other problematic matrices. If the ratio of water to sample is greater than 1:1, include this information in
the reported results.

9.3.2 Let the waste suspension stand for about 15 minutes to allow most of the suspended waste to settle out from
the suspension or filter or centrifuge to obtain aqueous phase for pH measurement.

NOTE: If the waste is hygroscopic and absorbs all the reagent water, begin the analysis again using 20g of
waste and 40mL of reagent water. Include this water to sample ratio with the results.

NOTE: If the supernatant is multiphasic, decant the oily phase and measure the pH of the aqueous phase.
The electrode may need to be cleaned (Step 3.3) if it becomes coated with an oily material. (See Standard
Methods 4500-H*, Section 5b. or SW-846 Method 9045C, Section 3.3).
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10.0 PROCEDURE

SEQUENCE

Calibrate with 2 buffers

Check pH with third buffer

Analyze check solution

10 sample determinations

Check Solution

10 sample determinations

Check Solution

10.1 Routine Calibration

This procedure describes the calibration for the range of pH 4 to pH 10 since most pH measurements will
fall into that range. Make sure that the pH meter has warmed up and that pH is the selected mode of
operation. The lot numbers of the pH buffers must be recorded on the pH data sheet.

10.1.1 Place the pH 7.0 buffer in a beaker on the magnetic stir plate and place the pH electrode in the buffer
solution. The electrode should be immersed in the buffer but should not come in contact with the Teflon-
coated stir bar.

10.1.2 Allow the solution to stir slowly while the measurement is being made. Adjust the "standardize" or
"calibrate" knob on the meter until the pH reads 7.0 ± 0.1.

10.1.3 Rinse the pH electrode with reagent water and place the electrode in the pH 4.0 buffer. Allow the solution
to slowly stir while the measurement is being made. Adjust the "slope" or "temperature" knob to bring the
meter reading to 4.0.

10.1.4 Rinse the electrode with reagent water and place the electrode in the pH 10.0 buffer. Allow the solution to
stir slowly while the measurement is being made. The reading should be 10.0 ± 0.1 pH units. If the buffer
does not read within the range, repeat the calibration procedure.

NOTE: It is Savannah Labs policy to consider pH measurements in the 4 to 10 range to be bracketed by two
calibration buffers when the meter is calibrated by Section 10.1.

10.2 Non-routine Samples

Samples with pH below 4 and above 10 must be measured with the pH meter/electrode calibrated with
buffers that bracket the pH. The pH may be estimated using wide range pH paper and the buffers chosen
accordingly. The general procedure is the same described in Section 10.1.

10.3 Sample Analysis

10.3.1 Remove the samples from the refrigerator and allow the samples to come to room temperature. The
samples and pH buffers used to calibrate the pH meter/electrode must be at or near the same temperature.

10.3.2 Calibrate and verify the pH meter/electrode. The lot numbers of the pH buffers and check standards must
be recorded on the data sheet as described in Section 10.1.
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10.3.3 Aqueous Samples

Place an aliquot of the well mixed sample into a beaker on the magnetic stir plate. Make sure that the
electrode is immersed in the sample but does not contact the Teflon-coated stir bar.

10.3.3.1 Allow the sample to slowly stir while the pH measurement is being made. Record the pH after the reading
has stabilized.

10.3.4 Soil and Waste Samples

Adjust the electrodes in the clamps of the electrode holder so that, upon lowering the electrodes into the
beaker, the glass electrode will be immersed just deep enough into the clear supernatant to establish good
electrical contact through the ground-glass joint or the fiber-capillary hole. Insert the electrode into the
sample solution in this manner. For combination electrodes, immerse just below the suspension.

10.3.5 Rinse the electrode with reagent water. Analyze all of the samples in the analytical batch according to the
sequence listed earlier in this section.

10.3.6 After all measurements have been made, return the electrode to the 7 buffer or electrode storage solution
and set the meter to "standby." The meter should be left "on" when not in use.

10.4 Use of pH Paper

pH paper provides a quick and easy way to approximate the pH of a sample. pH paper can be used to
determine if a sample has been properly preserved or if the pH of a sample is in the proper range for a
preparation step.

10.4.1 pH paper should be checked upon receipt and quarterly to make sure that it is functioning properly.

-Examine the pH paper. If the paper is discolored or looks worn, it may be defective.
-Place a piece of pH paper on a watch glass or other suitable surface and add a few drops of a certified
buffer solution onto the paper
-Compare the color of the pH paper to the reference colors. If the colors match, the paper can be used. If
not, acquire new paper.

10.4.2 Determination of pH with pH Paper

Dip a glass rod or disposable Pasteur pipet into the sample and touch the rod or pipet to the pH paper.
Compare the color to the reference.

NOTE: Do not dip the pH paper into a sample. The pH paper dye can bleed into the sample and affect
sample results.

11.0 CALCULATIONS

The measurement of pH requires no calculation since the reading is taken from the meter. The calculation
of percent recovery of the check standard and precision of pH is more complex than it first appears because
the pH scale is a logarithmic function. The pH must be converted back to a concentration prior to the
calculation of accuracy and/or precision since slight differences in the pH represent large differences in
concentration.

11.1 Calculation of hydrogen ion concentration from a pH measurement.

PH * -1 (1og[/r])
££ - iog[/T]

anitlog (££) « [H']
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A calculator that can perform log functions is very handy to make this calculation:
1) enter the pH and change the value to a negative.
2) Take the antilog of the number. (For most calculators that will mean using the 10" key).

11.2 The percent recovery is calculated:

%/fcr =
H.

= — x 100
T

where
H = hydrogen ion from pH measurement
HT = theoretical hydrogen ion concentration

EXAMPLE
A check standard is analyzed and the pH is determined to be 8.90. The certified concentration is 9.05. The
percent recovery is calculated:

Ht90 = antilogtf .90) = 1.26 x 10*
H,0, = antilog(-9 .05) = 8.91 x lO"10

( 1'26 " 10* ) * 100 = 141%
8.91 x 1Q-10

This result makes sense because pH 8.90 represents a higher hydrogen concentration than pH 9.05.

11.3 The precision as %RPD is calculated in the routine way as the relative percent difference between two
check standards. When sample duplicates are analyzed, the pH must first be converted to hydrogen ion
concentration before the %RPD can be calculated:

where
H, = hydrogen ion concentration of replicate 1
H2 = hydrogen ion concentration of replicate 2

EXAMPLE
Two aliquots of the same sample are analyzed and the pH measurements are 8.90 and 9.00. The %RPD is
calculated:

H,M ' antilogtf .90] - 1.26 * 10*
H,M * antilog[9.00] « 1.0 x 10"

- (1.00 « 10*) „ . Q-26
(1.26 x 10* * 1.0 x 10*V2 1.13 x 10*

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 The pH meter/electrode will be calibrated using two pH buffers that bracket the expected range of pH.

12.2 Duplicate sample measurements will be performed on 10% of the samples.

12.3 A check solution from a separate source will be analyzed after the calibration as an initial calibration
verification. A control limit of the theoretical pH ± 0.2 pH units will be used. This is equivalent to the pH
recovery range of 63-158% over the pH range of 2 - 13. After every ten samples a check solution buffer
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will be analyzed as a continuing calibration verification. The pH reading should be ±0.2 pH units of the
true value. An RPD control limit of 40% will be used to gauge the acceptability of sample replicates.

13.0 PREVENTIVE MAINTENANCE

No additions to this revision.

14.0 TROUBLESHOOTING

No additions to this revision.

15.0 REFERENCES

1. Savannah Laboratories' Comprehensive Quality Assurance Plan and Savannah Laboratories'
Corporate Quality Assurance Plan, current revisions.

2. EPA Method 150.1: Methods for Chemical Analysis of Water and Wastes. EPA 600/4-79-020.

3. SW-846 Methods 9040 and 9045C; Test Methods for Evaluating Solid Waste, SW-846 Third
Edition.

4. Standard Method 4500-H*; Standard Method for the Examination of Water and Waste\vater. 18th
Edition.
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NEW ORLEANS

1 . In [the] procedure sequence, why is the pH 7. 0 buffer checked and not the check solution (ERA , etc) ?

> The sequence will be changed - check solution should be where pH 7.0 buffer is.

2. Where did you find that you had to convert thepH to [PT] to calculate accuracy and precision?

> See the definition in Section 1.2 of the DRAFT SOP. It should be clear that a 1 pH unit change is the result
of a 10 fold change in [H*]. For example, calculate the % RPD between pH 6 and pH 7 using "pH units."

%RPD = = I 7 ' 6I = — = 15.4%
(7 + 6)/2 6.5

Now calculate the %RPD between the [H*]:

' 1 * 10'6 ' l X 10'?l

(1 x IQ-* + 1 x iO"7)/2
100 = 164%

3. Can we mix organic liquids with water to get apH to meet the corrosivity requirement? It is my
understanding that you cannot measure the pH of non-aqueous liquids (organics).

> Method 9045C indicates that mixing non-aqueous samples with water is the procedure for determining the
pH. The sample prep section is taken directly from 9045C. The answer to the question is "NO" - 9045C
cannot be used to determine whether a waste is corrosive. Method 1110 must be used for non-aqueous
wastes.

4. Should samples be allowed to equilibrate to room temperature before analysis?

> Yes. It may be helpful to pour a well-mixed aliquot into a labeled container to make the sample warm up
faster. The temperature of the sample should be ±2C of buffers.

5. These ranges need to be incorporated into the CQAP.

> Right. I will get a change notice out to you all as soon as I can.

6. We do not have buffers lower than 4 or higher than 10. We will need to order these if this is incorporated.

> Suggest pH 2 .0 and 1 3 .0.

MOBILE

7. If we have limited soil, what do we do?

> Text will be revised to allow smaller weights of sample and volumes of reagent water as long as the 1:1
ratio is maintained.
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8. What about checking pH for liquid samples for SVOC in extractions [lab]? It is not feasible to do
electrode for samples set up for Method 3520 or herbicides.

> pH paper is acceptable for measuring the pH ranges necessary for extractions.

TAMPA

9. Section 10.3 Orion recommends not drying electrode.

> Text will be modified.

10. Section 10.1.2: Orion pH meter auto calibrates. Section 10.2 Orion pH meter does not have the ability to
bracket the sample. It only standardizes on 7 and 4 or 7 and 10.

> Most pH meters standardize on two pH buffers. The slope of the meter/electrode can be checked at a third
pH to demonstrate that the meter gives a proportional response over the working range. (Section 10.1).

TALLAHASSEE

11. Include the statement "pH paper can be used to determine the approximate pH. It can be used to check for
proper preservative or if a sample is in the proper pH range preparation steps," in the SUMMARY OF
METHOD section.

> Good idea Will put this statement in SOP.

12. Section 5.0 - The last sentence should read "The pH must be determined as soon as possible after
collection. " Delete last sentence in DRAFT.

> OK. Text will be revised.

13. Add this statement to Section 10.2: "Samples which are organic solvents should be measured using pH
paper to avoid damage to the electrode. "

> Is there a method somewhere for directly determining pH of an organic material? If mixed with water as in
Section 9 of SOP, the organic phase may be decanted and the pH measured on the aqueous phase. pH
paper may be appropriate if the solvent and water are miscible

14. Section 12.3 - An RPD control limit of 40% will be used to gauge the acceptability of sample replicates.

> A difference of 0.2 pH units is about a 40% RPD on a concentration [H+] basis. Most PEs usually have an
acceptance range of greater than 0.2 pH units. I understand that there may be some difficulty explaining
this to clients.

SAVANNAH

15. Section 4.2 - "The temperature of the sample should be at the same temperature as the buffer solutions.
How do we ensure this? Are we actually going to check the temperature?

> Our pH meters are temperature compensated. The temperature of the sample should be near (±2C) the
temperature of the buffers (room temperature). No, we are not going to actually check the temperature.
(See question 4).

O:\WP5 I \SOP\REVIEW\BA\BA70.REV



16. Sequence in Section 10: Is this going to fly with auditors who want our calibration to bracket samples?

> See note in Section 10.1.4

DEERFIELD

No comments
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CHANGE -IN-PROGRESS ATTACHMENT

SOP Document No: GE40: 02.02.98:3

SOP Description: Total and Amenable Cyanide: Autoanalyzer Procedure

Approval
Signature: . . .

/R. Wayne Robkfms S
Title: Corporate QA Manager ' * Date:

The following section has been revised to correct the calculation of the cyanide stock concentration.

Titrate each cyanide solution with 0.141N or 0.0141N silver nitrate. Titrate the solution drop-wise
near the endpoint until one drop of the titrant changes the color from yellow to salmon-pink.
Record all standardization information into the cyanide stock standard standardization log.
Calculate the concentration of the cyanide stock standard:

-,., ., Na ® Va _ e^ nA mg _ 1000mlCN,mg/L = ——— ® 52.04—— ® ————
Vx meq IL

where
Na = normality of the silver nitrate solution
Va = volume of the silver nitrate solution used in titration, mL
Vx = volume of cyanide stock standard titrated, mL

The concentration of the cyanide solution is the average of the three individual calculations:

CN l + CN 2 + CN 1CNavg = ————————————

CIPA GE40-1 -page 1 of 1
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Approval
Signature:

1l. Wayne
Title: Corporate QA Manager Date:

TOTAL AND AMENABLE CYANIDE: AUTOANALYZER PROCEDURE

1.0 SCOPE AND APPLICATION

1.1 This method is used to determine the concentration of inorganic cyanide in water samples,
wastewater, wastes, soils, or soil leachates. The samples are distilled prior to analysis using the
procedures in SL SOP GE43: MIDI Distillation of Water and Soils for the Determination of
Cyanide. The soil leaching procedure and the preparation of samples to determine the cyanide
amenable to chlorination are also included in the SL SOP GE43.

1.2 The reporting limit (RL), the method detection limit(MDL), and the accuracy and precision
limits are given in the current revisions of the SL Comprehensive Quality Assurance Plan and
the Corporate Quality Assurance Plan,

2.0 SUMMARY OF METHOD

2.1 Cyanide, as hydrocyanic acid (HCN), is released by refluxing the sample with strong acid and
distillation of the HCN into an absorber-scrubber containing NaOH solution. The cyanide ion in
the absorbing solution is then determined colorimetrically at a wavelength of 570 nm.

In the colorimetric measurement, the cyanide is converted to cyanogen chloride (CNC1) by
reaction with chloramine-T at pH <8 without hydrolyzing to the cyanate ion. After the reaction
is complete, a colored complex is formed upon the addition of pyridine-barbituric acid reagent.
The concentration of NaOH must be the same in the standards, the scrubber solutions, and any
dilutions of the original scrubber solution, to obtain colors of comparable intensity.

2.2 This method is based on the guidance in SW-846 Method 9010B (Distillation) and 9012A and on
EPA Methods 335.2 and 335.4. A method summary is included at the end of this SOP.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or that will put you or others in potentially dangerous situations.

3.2 Cyanide is extremely poisonous. Although very high levels of cyanide rarely occur in
environmental samples, the analyst must be careful when handling these potentially hazardous
and toxic samples. The standards and reagents used in this method should be treated as potential
hazards. Lab coats, gloves, and other protective equipment should be used when preparing and
using the standards and reagents.

3.3 The analyst should be familiar with the Material Safety Data Sheets (MSDS) for each reagent
and standard used in this procedure.The MSDS denote the type of hazard that each reagent poses
and the safe handling instructions for these compounds.

4.0 INTERFERENCES

4.1 Carbonates dissolved in the distillate will be realeased as carbon dioxide in the colorimetric
reaction. The carbon dioxide gas will cause air spikes and peak shifts. If carbonates are present in
the distillate, add a small portion of hydrated lime (calcium hydroxide) to the distillate and
shake the distillate to mix. Filter an aliquot of the treated sample for analysis.

. ,.- d SvSVWNAMH LABORATORIES
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5.0 SAMPLE COLLECTION, PRESERVATION AND HANDLING

Container

Preservative

Storage
Hold Time
Interference Checks

Aqueous: 250mL Plastic
Soils/Solids: 250mL Plastic
Aqueous: NaOH to pH>12
Soils/Solids: None
4C +/- 2C from collection to analysis
14 davs from date sampled
Aqueous: Residual chlorine, sulfide. nitrate/nitrite, preservation (pH)

The interference and preservation checks are described in SL SOP GE 43: MIDI Distillation of
Water and Soils for the Determination of Cyanide. Samples that are analyzed by this procedure
must be distilled prior to analysis.

6.0 APPARATUS AND MATERIALS

6.1 Traacs 800 autoanalyzer system or Lachat Quickchem 8000

6.2 Volumetric glassware-Class A, various sizes

6.3 Pipettes, volumetric and disposable

6.4 Autosampler cups or tubes

7.0 REAGENTS

The preparation of reagents must be documented in accordance with SL SOP AN44. Do not store
reagents or standards in volumetric glassware.

7.1 Reagent water-lab-generated deionized water, ASTM type I or Type II

7.2 Sodium hydroxide(NaOH)-reagent grade. Record the date opened on the container..

7.3 Sodium hydroxide solution, 0.25 N: (Diluent solution) Dissolve 10 g NaOH pellets in 800 mL
DI water. Cool to room temperature and dilute to 1000 mL with DI water. Transfer to a labeled
plastic container for storage.

7.4 Barbituric acid (C4H4N205)-reagent grade.

7.5 Pyridine (C5H5N)-reagent grade.

7.6 Hydrochloric acid (HCl)-concentrated, reagent grade.

7.7 Pyridine-barbituric acid reagent: This solution must be prepared exactly as written and must be
prepared under a hood.

Place a stir bar and 15. Og of barbituric acid into a 1000-mL volumetric flask. Wash the walls of
the flask with approximately 100 mL of reagent water, swirling the flask to wet all of the
barbituric acid. Add via a 100-mL glass graduated cylinder, 75.0 mL of pyridine. Place the
volumetric flask on the stir plate and begin mixing. While mixing, add via a 25-mL graduated
cylinder, 15.0mL of concentrated hydrochloric acid. Remove the magnetic stirring bar, bring to
volume with reagent water. The solution should become clear when diluted to volume. Transfer
this solution to an amber glass container for storage at 4C. For reference only: the pH of this
solution should be 5.6 ± 0.2.

7.8 Potassium dihydrogen phosphate (KH2PO4)-reagent grade

7.9 Sodium hydrogen phosphate (Na2HP04)-reagent grade.
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7.10 Phosphate buffer: To about 800 mL of DI water contained in a 1000-mL volumetric flask, add
27.2 g KH2P04 and 0.56 g Na2HP(X Add a magnetic stirring bar and mix vigorously until the
salts have dissolved. Remove the magnetic stirring bar. Dilute to 1000 mL with DI water. Store
the solution in a plastic container. For reference only: the pH of this solution should be 5.2 ± .2.

7.11 Chloramine-T (l-CH3C6H4-4-S02NClNa*3H20)-reagent grade.

7.12 Chloramine-T reagent: Dissolve by swirling 2.0 g Chloramine-T in about 400 mL of DI water
contained in a 500 mL volumetric flask. Bring to volume with DI water and mix until
homogeneous. For reference only: the pH of this solution should be 8.9 ± 0.2. This reagent must
be prepared daily.

7.13 Silver nitrate solution (AgN03)-purchased at 0.141N.

7.14 Rhodanine indicator-reagent grade.

8.0 STANDARDS

The preparation of the cyanide standard must be tracked in accordance with SL SOP AN41:
Standard Material Traceability. Do not store standards in volumetric glassware.

8.1 Cyanide Stock Standards

Two stock standards are prepared from different sources of cyanide. The potassium cyanide stock
standard is used to prepare the calibration standards and the spiking solution for the LCS and
MS. The sodium cyanide stock standard is used to prepare the initial and continuing verification
standards.

8.1.1 Potassium cyanide(KCN)-reagent grade.

8.1.2 KCN stock standard, 1000 mgCN/L: Transfer 2.503 g of KCN and 2 g of NaOH into a 1-L
volumetric flask. Add 400-500mL of reagent water and swirl the flask to dissolve the KCN and
NaOH. Dilute to volume with reagent water and transfer the stock standard to a labeled plastic
container.

8.1.3 Sodium cyanide(NaCN)-reagent grade

8.1.4 NaCN stock standard, 1000 mgCN/L : Transfer 1.885g of NaCN and 2 g of NaOH into a 1-L
volumetric flask. Add 400-500mL of reagent water and swirl the flask to dissolve the NaCN and
NaOH. Dilute to volume with reagent water and transfer the stock standard to a labeled plastic
container.

8.1.5 Standardization of the Cyanide Stock Standards

The lOOOmg/L cyanide stock standards (KCN and NaCN) are standardized each time an
intermediate (10mg/l) is prepared.

/-••ctn n 1 r-\r\ ^51 »*VH/VI\M« LABQHATOt
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8.1.5.1 Add three 25.0mL aliquots of the lOOOmg/L cyanide stock standard into each of three
250mL Erlenmeyer flasks. Add 75mL of the 0.25 N dilution solution to each flask. Add lOOmL
of the 0.25 N dilution solution to a fourth Erlenmeyer flask to serve as a blank.

NOTE: It is important that the pH be above 12 or the indicator will not give a clear endpoint.

8.1.5.2 Add 2 drops of rhodanine indicator and a Teflon stir bar to each beaker and place the flask on a
magnetic stirrer.

8.1.5.3 Titrate each cyanide solution with 0.141N silver nitrate. Titrate the solution drop-wise near the
endpoint until one drop of the titrant changes the color from yellow to salmon-pink. Record all
standardization information into the cyanide stock standard standardization log. Calculate the
concentration of the cyanide stock standard:

„.. ... Ab ® Fa 1000 mlCN ,mg / L = —————— ® 26 .02 mg I meq ® —————
Vx L

where
Na = normality of the silver nitrate solution
Va = volume of the silver nitrate solution used in titration, mL
Vx = volume of cyanide stock standard titrated, mL

The concentration of the cyanide solution is the average of the three individual calculations:

-., CN 1 + CN 2 + CN 3CNavg = —————————————

8.2 Intermediate Standard Preparation

The intermediate standards are prepared from the cyanide stock standards (after standardization)
according to the following equation:

, Cint®FintVstock = ——————
Cstock

Where
Vstock = volume of stock standard required to prepare the intermediate standard, mL
Cstock = concentration of the cyanide stock standard, mg/L (use CNavg)
Cint = concentration of the intermediate standard to prepare, mg/L
Vint = volume of intermediate standard to prepare, mL

8.2.1 KCN cyanide intermediate standard, 10 mg/L: To a 100-mL volumetric flask, add Vstock mL
stock cyanide solution and bring to volume with diluent solution.

8.2.2 NaCN cyanide intermediate standard, lOmg/L: To a 100-mL volumetric flask, add Vstock mL
stock cyanide solution and bring to volume with diluent solution.
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8.3 Cyanide Calibration and Verification Standards

8.3.1 Use the 10-mg/L KCN cyanide working standard to prepare calibration standards as shown
below. Bring all calibration standards to final volume with diluent solution.

Standard Concentration (mg/L)

0.5
0.3
0.1
0.07
0.04
0.01

Cal Blank

Volume of 10-mg/L CN
Standard (mL)

5.0
3.0
1.0

0.70
0.40
0.10
0.00

Final Volume (mL)

100
100
100
100
100
100
100

8.3.2 ICV/CCVandlCB/CCB

8.3.2.1 The ICV and the CCV are prepared from the NaCN intermediate cyanide standard at a
concentration of 200ug/L. Add 2.0mL of the lOmg/L NaCN intermediate standard to a lOOmL
volumetric flask and dilute to volume with 0.25N NaOH (diluent solution).

8.3.2.2 The 0.25N NaOH diluent solution is used as the ICB and CCB.

9.0 SAMPLE PREPARATION

The sample preparation steps are given in SL SOP CE43~MIDI Distillation of Water and Soils
for the Determination of Cyanide

10.0 PROCDURE

Store distillates in the dark in a refrigerator until ready to analyze the samples on the
autoanalyzer. The distillate must be analyzed within 14 days of the date of collection. The
analytical sequence is given in the SOP Summary.

10.1 Traacs 800 Procedure

10.1.1 Set up the autoanalyzer as shown in the Traacs manual. Fill water containers with fresh DI
water. Put reagent lines into a 1-L beaker filled with DI water and 2 mL Brij-35. Clamp down
pump platens. Start the autoanalyzer (refer to SOP GE110).

10.1.2 When a regular bubble pattern is achieved, place the WHT/WHT line into the buffer solution, the
RED/RED line into the pyridine/barbituric acid solution, and the ORN/GRN line into the
chloramine-T solution, and the GRN/GRN autosampler line into the 0.25N NaOH solution.
Allow a lag time of at least 10 min to regain a stable bubble pattern and assure good reagent mix.

10.1.3 Determine the base and gain. A 0.5 mg/L CN standard should give a relative absorbance of
approximately 0.43. Start the tray. (Operations and calculations are explained in SOP GE110.)

10.1.4 After a tray is completed, pump DI water containing 0.2% Brij-35 through all pump tubes to
cleanse the system.

10.2 Lachat Procedure

10.2.1 Set up Manifold as shown in the Lachat manual. Fill water containers with fresh DI water.

GE40-Page 5 of 10 SAVANNAH LABORATORIES
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10.2.2 Place the GRY/GRY line into the pyridine-barbituric acid reagent, the ORN/ORN line into the
chloramine-T reagent, the other ORN/ORN line in the phosphate buffer reagent and the
YLW/YLW line onto the carrier reagent.

10.2.3 Clamp down the pump platens and turn on the pump. Allow a lag time of 10 minutes to assure a
good reagent mix.

10.2.4 Input data system parameters.

10.2.5 Place standards and samples into the autosampler and start analysis.

10.2.6 After a tray is complete, pump DI water through the manifold for 10 minutes.

11.0 CALCULATIONS

11.1 The cyanide concentration of liquid samples is calculated by the autoanalyzer. The concentration
may be expressed as mg/L or ug/L. The calculation on the autoanalyzer assumes that the initial
volume of sample and the final volume of the distillate are the same. If the sample is diluted at
any step of the preparation or analysis, the dilution factor must be taken into account in the
calculation.

1 1.2 The cyanide concentration of soil samples (direct distillation) is calculated by the following
equation:

C 0 F ® DFCN,mg/kg,dw = ————————
W® solids

where
C = concentration in the sample distillate, mg/L
F = final volume of the distillate, L
W = weight of sample distilled, kg
Solids = (percent solids)/100
DF = dilution factor (if distillate requires dilution)

11.3 The concentration of amenable cyanide for liquids is the total cyanide concentration minus the
cyanide concentration of the sample after treatment with chlorine as detailed in SL SOP GE43.

1 1.4 The concentration of total cyanide and cyanide after treatment with chlorine in soils (see SL SOP
GE43) is calculated as below

C x F xL*^
W

Where
C = concentration in the sample distillate, mg/L
F = final volume of the extraction, L
W = weight of sample extracted, kg
Solids = (percent solids)/100
DF = dilution factor (if distillate required dilution)

The concentration of amenable cyanide is simply the total cyanide concentration minus the
cyanide concentration of the sample after treatment with chlorine as described in SL SOP GE43.

SAVANNAH LABORATORIES
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11.5 Accuracy is expressed as percent recovery (%REC). The percent recovery for an LCS is
calculated:

Clcs——
Tics

®100

where
Clcs = concentration of the LCS determined from the preparation and analysis, mg/L or mg/kg
Tics = theoretical (true) concentration of the LCS, mg/L or mg/kg

Tms

1 1.6

where
Cms = concentration of the MS determined from the preparation and analysis, mg/L or mg/kg
Csample = concentration of the unspiked sample, mg/L or mg/kg
Tms = theoretical (true) concentration of the LCS, mg/L or mg/kg

Precision is reported as the relative percent difference (%RPD) between two replicate samples or
spiked sample. The relative percent difference is calculated:

%RPD = (%RECl-%REC2) ®100

where
%REC1 = percent recovery of the MS
%REC2 = percent recovery of the or MSD

Note that the absolute value of the calculation is reported; that is, only positive values are
reported.

12.0 QUALITY CONTROL/QUALITY ASSURANCE

12.1 SL SOP AN02: Analytical Batching, Table 13.1 of the SL Q AP, and the SOP Summary provide
guidance on evaluating QC and sample data.

13.0 PREVENTIVE MAINTENANCE

See Section 10 of the current SL QAP and the Traacs and Lachat manuals.
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14.0 TROUBLE-SHOOTING

Each day prior to initial analysis and after shutdown, flush flow cell with DI water.

Before analysis, check all pump tubes to make sure none are collapsed.

If unable to establish a stable reagent baseline, try a water baseline. If unable to achieve a water
baseline, change the pump tubes.

Traacs 800 Only - If unable to achieve a steady bubble pattern, check all joints for blockage, then
clean heating bath and flow cell with 0.25 N NaOH using a syringe adapted to die joints. Rinse
well with DI water.

15.0 REFERENCES

1. Traacs 800 Method 802-86T: Bran+Lubbe, Technicon Industrial Systems: Tanytown, NY,
February, 1986. Revised June, 1987.

2. Lachat QuickChem Method JO-2004-00-1-A Determination of Cyanide in Water; Revision Date:
6 June 1996.

3. Test Methods for Evaluation^, Solid Waste, Third Edition, SW-846 (including Update III);
U.S. EPA Office of Solid Waste and Emergency Response; Washington, D.C.

4. Methods for Chemical Analysis of Water and Wastes; U.S. EPA Office of Research and
Development: Cincinnati, OH, March, 1983.

„__ SAVANNAH LABORATORIES
GE40-Page 8 Of 10 ^9 k> t ENVIRONMENTAL SEAWCCS. me



GE40:02.02.98:3

CYANIDE METHOD SUMMARY

HOLD/STORAGE
Routine Container

Preservative

Storage
Hold Time
Interference Checks

Aqueous: 250mL Plastic
Soils/Solids: 250-mL Plastic
Aqueous: NaOH to pH>12
Soils/Solids: None
4C (less than 6C with no frozen samples) from collection to analysis
14 days from collection
Aqueous: Residual chlorine, sulfide. nitrate/nitrite. preservation (pH)

SAMPLE PREPARATION
Aqueous: MIDI, Macro, or custom distillation apparatus with molar volumes consistent with sample size.
Soils/Solids: Direct distillation
Soils/Wastes: Basic leaching procedure followed by distillation in MIDI or Macro distillation apparatus

Matrix

Aqueous or Leachate

Soils/Solids

Distillation

MIDI, Macro, or
Custom
Macro, MIDI, or
Custom

Maximum Sample
Volume/Weight
MIDI - 50mL
Macro - SOOmL
MIDI-lg
Macro - lOg

Final volume of
Distillate
50ml
250ml
50mL
250ml

ANALYTICAL SEQUENCE- (9010B/9012A,335.2,335.4)
Initial Calibration- 6 point
Initial Calibration Verification (ICV)
Initial Calibration Blank (ICB)
LCS, method blank, and 7 Sample Measurements
Continuing Calibration Verification (CCV)
Continuing Calibration Blank (CCB)
10 Sample Measurements
CCV
CCB
10 Sample Measurements
CCV
CCB
The sequence continues until all of the samples are analyzed or the calibration verification or calibration
blank fail the acceptance criteria. The sequence must always end with CCV/CCB.

DISTILLATION BATCH- (9010B/9012A,33S.2,335.4)
QCITEM
Method blank

Distilled cal standards
(also serve as the LCS)
MS
MSD
Samples

Frequency
Per batch

2 per batch-70ug/L and 200ug/L

5% of samples per matrix
5% of samples per matrix
Up to twenty samples
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QC Check
Initial Calibration
-minimum 5 points with lowest point @
RL
(6 point curve is routinely analyzed)
Initial Calibration Verification (ICV) and
Continuing Calibration Verification
(CCV)

Initial Calibration Blank (ICB) and
Continuing Calibration Blank (CCB)

Method Blank

Distilled standards-(LCS/LCSD)

MS/MSD

Initial Demonstration of Capability

MDL Study

Minimum Frequency
Before sample analysis and when
continuing calibration verification
fail, (see sequence)

After initial calibration and after
every 10 sample measurements, (see
sequence)

After ICV and CCV

Per batch

Per batch

At a frequency of 5% of samples of
the same matrix (one MS and one
MSD per twenty samples)
Per analyst

-SL SOP CA90

Acceptance Criteria
Regression curve with correlation
coefficient >=0.995; initial
calibration verification within +/-
10% of expected value
+/-10% of expected value

< RL SL CQAP Table 5

< RL SL CQAP Table 5

+/-10% of expected value

SL CQAP Table 5

-linearity criteria
-recovery of QCS within 90-1 10%
-determination of MDL
-SL SOP CA90

Corrective Action
-Evaluate curve and check calculations
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Inspect instrument for proper operation
-Check calculation
-Reanalyze 1CV/CCV
-Remake and reanalyze ICV/CCV
-Recalibrate
-Inspect instrument for proper operation
-Check calculations
-Reanalyze ICB/CCB
-Determine source of contamination and
reanalyze samples if necessary
-Check calculations
-Reanalyze method blank
-Determine source/cause of
contamination and reanalyze associated
samples if necessary
-Check calculations
-Reanalyze distillate
-AN02 Decision Matrix
-Check calculations
-Reanalyze distillate
-AN02 Decision Matrix
-Reanalyze samples

-repeat MDL study
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Approval
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TOTAL CYANIDE: AUTODISTTLLATION PROCEDURE

1.0 SCOPE AND APPLICATION

This method is used to determine the concentration of cyanide in water, aqueous wastes and
leachates. It is used to determine the concentration of both total cyanide and cyanide amenable to
chlorination. Cyanide determined by this method has a practical quantitation limit of 0.010
mg/L in liquids and 1.0 mg/kg in soils.

2.0 SUMMARY OF METHOD

In this method, samples are automatically taken up by the autoanalyzer. Metal-cyanide
complexes in the samples are dissociated by UV irradiation. The samples are then automatically
distilled, buffered, pyridine/barbituric acid is added, and the absorbance of the resulting complex
measured at 570 nm.

This method is based on SW-846 Method 9012(1) and EPA Method 335.3 (2), and the soil
extraction procedure is based on SW-846 Method 9010A(1).

3.0 INTERFERENCES

Oxidizing interferences may be present in the samples, as indicated by a positive test on KJ
starch paper. If this type of interference is found, the field crew must reduce these substances by
addition of sufficient ascorbic acid to result in a negative Kl-starch paper test, plus an additional
0.6 g per liter of sample.

Sulfide is a positive interference in this procedure. Samples are checked for the presence of
sulfide upon arrival in the laboratory with lead acetate paper, which indicates sulfide
concentrations down to a level of 5-10 mg/L. If sulfide is found to be present by this test,
cadmium carbonate, CdCOs, is added to the sample until no more black CdS precipitate forms.
Avoid adding an excess CdCOs, as carbonate can hinder the analysis by forming bubbles on the
cuvette walls or by causing timing problems with autoanalysis procedures. Filter the samples
promptly to limit adsorption or coprecipitation.

Nitrate can be an interference in sufficiently high concentrations (> 10 mg/L) in the presence of
certain types of organic matter. Addition of 50 mL of 0.4 N sulfamic acid to the distillation flask
will eliminate the effects of this interference.

Thiocyanates may be considered an interference in this procedure, although often they are
considered part of the total cyanide concentration.

4.0 APPARATUS AND MATERIALS

Traacs 800 autoanalyzer system, complete with UV lamp, cyanide manifold, and autodistillation
system.
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5.0 REAGENTS AND STANDARDS

Mixed acid: Carefully add 100 mL of 85% phosphoric acid and 20 mL of hypophosphorous acid
to about 800 mL of DI water in a 1-L volumetric flask. Cool, dilute to volume with DI water, and
mix thoroughly.

Sodium hydroxide, 0.05 N: Add 2.00 g of solid sodium hydroxide to 800 mL DI water in a 1-L
volumetric flask. Dissolve and dilute to volume with DI water.

Potassium iodide starch test paper

Sodium hypochlorite: 5.25% (Clorox bleach)

Ascorbic acid (crystals)

Phosphate buffer, pH 5.2: Dissolve 27.2 g of potassium dihydrogen phosphate (KlkPCM and
0.56 g disodium hydrogen phosphate (NazHPCU) in about 800 mL of DI water. Dilute to 1 L
with DI water and mix thoroughly. The pH of this solution should be 5.2 + 0.1.

Chloramine T: Dissolve 0.17 g of Chloramine T in 80 mL DI water in a 100-mL volumetric
flask. Dilute to volume with DI water. Prepare fresh daily.

Pyridine/barbituric acid: Weigh out 15.00 g of barbituric acid into a 1-L volumetric flask. Wash
the sides of the flask with about 100 mL of DI water. Add 75 mL of pyridine and mix. Add 15
mL of concentrated hydrochloric acid, mix, and dilute to volume with DI water. Use a magnetic
mixer to dissolve this solution completely. This reagent must be made exactly as stated above.
This reagent should be prepared fresh monthly.

Sodium hydroxide solution, 0.25 N: Dissolve 10 g NaOH solid in 800 mL DI water. Cool.
Dilute to 1 L with DI water.

Cyanide stock standard, 1000-mg/L: Dissolve 2 g of solid NaOH in about 800 mL DI water in a
1-L volumetric flask. Add 2.503 g of potassium cyanide (KCN), dissolve, and dilute to volume.
Standardize by titrating with standard silver nitrate solution. This stock standard should be
prepared fresh monthly.

Cyanide intermediate standard, 10-mg/L: Pipet 1 mL of cyanide stock standard into a 100-mL
volumetric flask. Dilute to volume with DI water. Prepare fresh daily.

Cyanide working standards: Standards are prepared at concentrations of 10, 40, 70, 100, 300
and 500 jig/L by pipeting appropriate quantities of cyanide intermediate standard and diluting to
10 mL with 0.25 N NaOH solution. Prepare fresh daily.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

Liquid samples are collected in 120-mL plastic bottles preserved with sodium hydroxide to pH
>12 (blue dot) and cooled to 4°C. Soil samples are collected in widemouth jars and cooled to
4°C. Holding time for cyanide samples is 14 days from date of sampling.

Samples are checked for the presence of sulfide with lead acetate paper, as well as proper pH
with pH paper, upon their arrival in the lab.
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7.0 PROCEDURE

7.1 Amenable Cyanide

Transfer 100 mL or 10 g (or less, depending on cyanide concentration) of sample into 500 mL
beaker and place on magnetic stirrer in a fume hood.

Using potassium iodide starch paper, test for residual chlorine (indicated by dark blue color on
paper).

If paper is clear, add a dropperful of Clorox to the stirring sample. If the paper turns blue,
enough bleach has been added. If the paper does not turn blue, add bleach until it does so.

Set timer for 1 h and check every 15 min with potassium iodide starch paper. Make sure enough
Clorox is present to keep paper blue.

After 1 h, add approximately 0.5 g ascorbic acid to stirring liquid. Test with potassium iodide-
starch paper until sample tests clear, then add 0.5 g excess ascorbic acid.

Sample is now ready to be analyzed. An untreated (total) sample is also analyzed. If necessary
to eliminate interferences, the samples can be manually distilled.

The total cyanide minus the cyanide determined in the chlorinated sample is the amenable
cyanide.

7.2 Total Cyanide

Soil and sludge samples are extracted according to method 9010A. A 5-g portion of the soil is
weighed out and placed in a 120-mL plastic bottle. A 1-mL aliquot of 50% w/w NaOH solution
and 99 mL of DI water is added to the sample. Samples are placed in a rotator and allowed to
extract for 16 hours. The extracts are filtered and analyzed as liquid samples.

The instrument is set up as shown in Figure 1. Samples, sample extracts, and QC standards are
set up according to the desired protocol. (Refer to Basic Traacs 800 Operating Procedure.) The
relative absorbance of a 0.50 mg/L CN standard should be approximately 0.43. Traacs Method
882-90T(3) is followed for the analysis of the samples.

7.3 Calculations

The cyanide concentration of liquid samples is calculated by the autoanalyzer, which has input
for dilution factors.

The cyanide concentration of soil samples is calculated by the following equation:

dry wt fraction x g sample kg

8.0 QUALITY CONTROL/QUALITY ASSURANCE

A calibration curve with a minimum of five points is analyzed daily.

The correlation coefficient of the calibration curve must be s 0.995.

An independent calibration verification standard is analyzed immediately upon calibration (ICV)
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after every 10 samples (CCV), and at the end of even run.

A blank is analyzed immediately after each calibration verification standard.

A matrix spike and a matrix spike duplicate are analyzed for even- batch or every 20 samples,
whichever is more frequent.

An extraction blank (sand and extraction fluid) is analyzed for every batch of extracted soil
samples, and is considered the method blank for solid samples.

A spiked blank (sand, extraction fluid and spike) is analyzed in duplicate for even batch of
extracted soil samples, and is considered the LCS for solid samples.

8.1 Operating Notes

1. Each day prior to initial analysis, flush flow cell with syringe containing DI water.

2. The oil bath unit temperature must be greater than 100° C before starting to pump
reagents.

3. Sparging nitrogen flow should be set at approximately 60 (185-195 cc/min).

4. The temperature of the distillation unit should be 150° C ± 2° C during operation.

5. The distillation coil should be removed from the still and cleaned weekly with 10 mL of
0.25 N NaOH, then washed thoroughly with 30-50 mL of DI water.

6. The silicone oil inside the distillation coil should be replaced monthly. Siphon out old
oil, wipe, clean and dry chamber completely with paper toweling, and refill with 100 mL
of fresh silicone oil. In the event silicone oil is unavailable, mineral oil may be
substituted.

7. If leakage occurs around the UV lamp, remove lamp holder and replace all joints within
with Acidflex tubing. Seal all joints with epoxy. Make sure epoxy is dry before
replacing lamp.

8. Do not allow surfactants to flow through the UV digester or the distillation unit.

9. The pH of waste from the flow cell should be 5.7.

9.0 REFERENCES

1. "Test Methods for Evaluating Solid Waste," Third Edition; U.S. EPA Office of Solid Waste
and Emergency Response: Washington, D.C., November 1986.

2. "Methods for Chemical Analysis of Water and Wastes"; U.S. EPA Office of Research and
Development: Cincinnati, Ohio, March 1983.

3. "Traacs 800 Method 882-90T": Bran + Luebbe, Technicon Industrial Systems: Tanytown,
NY, March 1990.
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Signature:
R. Wayne R o b b i n s /

TiUe: Corporate QA Manager Date:

MIDI DISTILLATION OF WATER AND SOILS FOR THE DETERMINATION OF CYANIDE

1.0 SCOPE AND APPLICATION

This procedure is used to prepare water, soil, and waste samples for the analysis of cyanide. This
SOP contains the procedures for the determination of total and amenable cyanide in water and
soils. The default procedure for total cyanide in soils is to distill soils in the same manner as
liquids. If cyanide amenable to chlorination is requested in soils, the soil is subjected to an
extraction procedure prior to the chlorination step and the total cyanide is determined
concurrently in the soil leachate.

2.0 SUMMARY OF METHOD

2.1 A measured amount of sample is refluxed with strong acid in a specially designed distillation
apparatus-the MIDI distillation apparatus. Cyanide, as hydrocyanic acid (HCN), is released and
trapped in an absorber-scrubber containing a sodium hydroxide solution. The cyanide collected
in the absorbing solution is determined colorimetrically.

NOTE: The MIDI digestion/distillation unit is used in place of the "macro" units described in
the EPA methods. The MIDI digestion/distillation utilizes the same proportion of reagents and
sample as in the "macro" units and yields comparable results.

2.2 When cyanide amenable to chlorination is to be determined, the sample is treated with residual
chlorine (Clorox) for one hour. After one hour, the excess chlorine is destroyed and the sample
is analyzed for cyanide. The cyanide amenable to chlorination is the difference between the total
cyanide and the cyanide measured in the sample after treatment with chlorine.

NOTE: If cyanide amenable to chlorination is requested for a soil sample, the sample is extracted
with a sodium hydroxide solution. A portion of the leachate is distilled and reported as the
"extractable" cyanide and a portion of the leachate is treated with chlorine and distilled. The
leaching procedure is required because the direct chlorination of the sample may solubilize metal
cyanides that will not be recovered by the direct distillation of the soil.

2.3 This method is based on SW-846 Methods 9010B, and 9013, and EPA Methods 335.2 and
335.4.

3.0 SAFETY

3.1 Use good common sense when working in the lab. Do not perform any procedures that you do not
understand or that will put you or others in potentially dangerous situations.

3.2 Cyanide is extremely poisonous. Although very high levels of cyanide rarely occur in
environmental samples, the analyst must be careful when handling these potentially hazardous
and toxic samples. Do not add acid to a cyanide sample unless performing one of the preparation
steps outlined in this procedure. Acid will cause the evolution of deadly hydrogen cyanide gas.
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3.3 The preparation of samples for cyanide amenable to chlorination must be done under a well
ventilated hood.

3.4 The standards and reagents used in this method should be treated as potential hazards. Lab
coats, gloves, and other protective equipment must be used when preparing and using the
standards and reagents.

3.5 The analyst must be familiar with the Material Safety Data Sheets (MSDS) for each reagent and
standard used in this procedure. The MSDS contain guidance on the type of hazard that each
reagent poses and the safe handling instructions for these materials.

3.6 Care must be taken when handling the distillation apparatus. Before handling glassware that has
been in use, check the temperature to make sure that it is not hot. The distillation flask contains
an acidic solution. Acids can cause skin burns and destroy unprotected clothing.

4.0 INTERFERENCES

4.1 Chlorine and sulfide may be present in samples. Chlorine will cause a negative interference.
Sulfide will cause a positive interference with the colorimetric determination of cyanide. The
samples must be screened for chlorine and sulfide upon arrival in the lab.

4.2 Nitrates can cause a positive interference when the nitrate concentration exceeds 10 mg/L and
certain organic materials are present in the sample. The addition of 5mL of 0.4 N sulfamic acid
to the sample at the time of distillation will eliminate the formation of cyanide from nitrates and
organic materials. If nitrates are suspected to be present, samples should be screened for the
presence of nitrates upon arrival in the lab.

5.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

5.1 Soil samples are collected in wide-mouth glass jars equipped with Teflon-lined caps. Soil
samples are stored at 4° C (less than 6° C with no frozen samples) until time of analysis. The
recommended holding time is 14 days from sample collection.

5.2 Liquid samples are collected in 250rnL plastic containers and are preserved by the addition of
NaOH to a pH > 12. Liquid samples are stored at 4° C (less than 6° C with no frozen samples)
until time of analysis. The holding time is 14 days from the date of collection.

5.2.1 Upon arrival in the laboratory, the pH must be determined to ensure that the sample has been
properly preserved. Pour a small volume of the well mixed sample into a small plastic cup and
test the pH of the aliquot with narrow range pH paper. If the paper is > 12, the sample is
properly preserved. If the pH is < 12, adjust the pH of the sample to > 12 by adding small
aliquots of 50% NaOH to the sample container. Shake the sample container to mix the 50%
NaOH with the sample. Check the pH of the sample again. Continue adding small aliquots of
50% NaOH to the sample until the pH is > 12.

NOTE: Do not add more preservative than 1% of the volume of the sample. For example, if the
sample volume is SOOmL, do not add more than 5mL of preservative.
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5.2.2 Upon arrival in the laboratory, the sample should be checked for the presence of sulfides. Pour a
small aliquot of the sample into a plastic cup. Test the aliquot with lead acetate paper. If the
lead acetate paper turns black, add cadmium carbonate to the sample and shake the container to
mix. Check the sulfide content again with the lead acetate paper. Continue adding cadmium
carbonate to the sample until the lead acetate paper no longer turns black when exposed to the
sample.

5.2.3 Upon arrival in the laboratory, the sample must be checked for the presence of residual chlorine.
Pour a small aliquot of the sample into a plastic cup. Test the aliquot with potassium iodide
starch paper. If the paper turns blue or black, add sodium arsenite to the sample and shake the
container to mix. Check the residual chlorine content again with the potassium iodide starch
paper. Continue adding sodium arsenite to the sample until the indicator paper no longer turns
blue or black when exposed to the sample.

5.2.4 If nitrates are suspected, prior to analysis (but not necessarily upon receipt), samples should be
screened for nitrates. Pour a small aliquot of the sample into a plastic cup. Test the aliquot with
a Nitrate/Nitrite test strip. If the strip indicates the presence of Nitrate/Nitrite, add 5ml of
sulfamic acid solution (described in section 7.7) to 50ml of sample. Note the addition is
performed at the beginning of the distillation process.

6.0 APPARATUS AND MATERIALS

6.1 MIDI cyanide distillation apparatus, Model MCV103 or equivalent, with appropriate glassware

6.2 Vacuum Pump

6.3 Tygon tubing

6.4 Volumetric flasks

6.5 Volumetric pipettes

7.0 REAGENTS

The preparation of reagents are tracked according to SL SOP AN44. Do not store reagents in
volumetric glassware.

7.1 Reagent water, lab-generated deionized water - See SL SOP AN35 for maintenance procedures
for DI water system.

7.2 Clorox bleach (5.25% sodium hypochlorite)

7.3 Potassium iodide (KI)/ starch paper-used to indicate the presence of chlorine

7.4 Sodium arsenite (NaAsOz): reagent grade, used to eliminate interferences from chlorine and to
destroy the excess chlorine in the cyanide amenable to chlorination procedure.

7.5 Lead acetate paper-used to indicate the presence of sulfide

7.6 Cadmium carbonate (CdCOa): reagent grade, used to eliminate interferences from sulfides.

7.7 Sulfamic acid (HzNSOsH): reagent grade, used to eliminate interferences from nitrates.
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7.8 Sulfamic acid solution (0.4 N): Dissolve 40 g of sulfamic acid in a small volume of reagent
water in a 1L volumetric flask. Dilute to volume with reagent water. Transfer the reagent to an
appropriate container; e.g., a 1L bottle.

7.9 Sodium hydroxide (NaOH): reagent grade

CAUTION: Heat will be evolved as the sodium hydroxide is dissolved in the water. Sodium
hydroxide solutions are caustic and will cause skin burns and destroy unprotected clothing.

7.10 Dilution solution (0.25 N sodium hydroxide): Dissolve 10 g of sodium hydroxide in 800 mL of
reagent water in a 1L volumetric flask. Dilute to volume with reagent water. Transfer the
reagent to a 1L PLASTIC container.

7.11 Sodium hydroxide solution (1.25 N): Dissolve 50 g of sodium hydroxide in reagent
water in a 1L volumetric flask. Cool and dilute to volume with reagent water. Transfer the
reagent to a 1L PLASTIC container. Do not store reagents in volumetric glassware.

7.12 Sodium hydroxide (50%): Measure 100 mL of reagent water into a 400mL beaker. Place the
beaker on a magnetic stir plate and add a Teflon stir bar to the beaker. Weigh out 100 g of
sodium hydroxide into a plastic container. Add a small quantity of the sodium hydroxide from
the container to the reagent water in the beaker on the magnetic stir plate. As the sodium
hydroxide dissolves, add more of the sodium hydroxide from the beaker until all lOOg has been
added. Cool and transfer the reagent to a PLASTIC container.

7.13 Sulfuric acid (HsSCX): reagent grade, concentrated.

7.14 Sulfuric acid solution (1:1): Measure 500 mL of reagent water into a 2L beaker. Place the
beaker on a magnetic stir plate and add a Teflon stir bar to the beaker. Carefully and slowly add
500 mL of concentrated sulfuric acid to the reagent water in the beaker on the magnetic stir plate.
Transfer the reagent to a 1L bottle. Do not store reagents in volumetric glassware.

CAUTION: Use extreme caution when preparing this solution. Heat will be evolved as the acid
and water combine. This solution will cause skin burns and destroy unprotected clothing.

7.16 Magnesium chloride hexa-hydrate (MgCl2-6H20): reagent grade

7.17 Magnesium chloride solution: While stirring, add 510 g MgCh-6H20 in 500 mL of reagent
water in a 1L volumetric flask. After the salt dissolves, dilute to volume with reagent water.
Transfer the reagent to a 1L bottle. Do not store reagents in volumetric glassware.

8.0 STANDARDS

Sock standards prepared from neat materials. Certificates of analysis or a statement of purity
must be received with all neat compounds. All preparation steps must be in accordance with SL
SOP AN4l:Standard Material Traceability . Do not store standard solutions in volumetric
glassware.

Potassium cyanide is used to prepare the calibration standards and the spiking solutions. The
preparation and standardization of the cyanide solution is given in SL SOP GE40: Total and
Amenable Cyanide: Autoanalyzer Procedure.
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8.1 Cyanide stock standard - approximately 1000 mg/L , prepared from potassium cyanide.
See SL SOP GE40 for the preparation and standardization of this stock solution. The KCN
cyanide stock is used to prepare the undistilled calibration standards, the distilled calibration
standards (also used as LCS), and the matrix spiking solution.

8.2 Preparation of the KCN Cyanide Intermediate Standards

The KCN intermediate is used to prepare the calibration standards (distilled and undistilled), and
the spiking solutions. Determine the volume of standard to be prepared and the volume of the
stock standard needed to make the spiking solutions. The following equation can be used:

where
Vs = volume of stock standard needed to prepare the spiking solution(mL)
Cs= concentration of stock solution(mg/L)
Ci = concentration of intermediate solution to prepare(mg/L)
Vi = volume of spiking solution to prepare(mL)

Preparation of the KCN Intermediate (lOmg/L)

Transfer Vs (see above) mL of the KCN cyanide stock standard (approximately lOOOmg/L) to a
lOOmL volumetric flask and dilute to volume with 0.25N NaOH. Two standards are prepared
from the KCN and distilled to verify the efficiency of the distillation process. The distilled
standards are also evaluated and reported as LCS.

9.0 SAMPLE PREPARATION

9.1 Chlorination Step for Cyanide Amenable to Chlorination
The steps for the Chlorination of the samples must be performed under a properly functioning
fume hood.

9.1.1 Transfer lOOmL of a liquid sample or lOOmL of a soil leachate (Section 9.2) to a 500-mL beaker.
A smaller volume of sample or leachate can be used if the cyanide concentration is known to be
high.

9.1.2 Place the beaker onto a magnetic stir plate in a fume hood. Add a Teflon stir bar to the beaker
and stir the sample.

9. 1.3 Check the pH of sample with pH paper. The pH of the sample must be maintained at > 1 1 for the
duration of the Chlorination procedure.

9.1.4 Test the chlorine level in the sample using potassium iodide-starch paper. If the paper turns
blue, residual chlorine is present in the sample. If the test paper is clear, add 0.5 mL of Clorox to
the stirring sample. Test the sample again with the potassium iodide-starch paper. If the test
paper turns blue, enough Clorox has been added. If the paper remains clear, add Clorox until the
paper turns blue. An excess of chlorine must be maintained throughout this procedure.
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9.1.5 Check the sample every 15 minutes with potassium iodide-starch paper and wide range pH paper.

If the KJ paper is blue, check the sample again in 15 minutes. If the paper is clear, add a 0.5mL
of Clorox to the sample and check the sample again with the test paper. Continue adding small
volumes of Clorox until the test paper remains blue.

If the pH >11, check the sample again in 15 minutes. If the pH <11. add a few drops of 50%
NaOH and check the pH again. Continue adding small aliquots of 50% NaOH until the pH
remains >11.

9.1.6 Continue stirring the sample for a total of 1 hour, checking the chlorine level and pH even- 15
minutes and adjusting as needed.

9.1.7 After 1 hour, add approximately 0.5g of sodium arsenite to the stirring sample. Test the sample
with potassium iodide-starch paper. If the test paper remains white, add a second 0.5g portion of
sodium arsenite to the sample. If the test paper turns blue, add sodium arsenite in 0.5g
increments until the test paper remains white. Add approximately 0.5 g excess of sodium
arsenite to the sample.

9.1.8 The sample is now ready to be distilled and analyzed.

9.2 Soil Leaching Procedure

The leaching procedure is the default preparation step for the determination of amenable cyanide
in soils. Use the direct digestion/distillation of soils (9.3) for total cyanide.

The pH of the sample must be maintained at pH > 10 throughout the leaching procedure. In most
cases, the addition of 200mL of 0.25N NaOH will be sufficient to maintain the pH.

9.2.1 Transfer lOg (+/- 0.5g) of a homogenized soil sample to a labeled, 250mL plastic container.
Record the weight of the sample to the nearest 0. Ig in the cyanide soil extraction log.

9.2.2 Add 200mL of 0.25N sodium hydroxide to the container. Cap the container and mix thoroughly.
Check the pH with narrow range pH paper. If the pH is not greater than 10, add small aliquots of
50% NaOH to bring the pH above 10.

9.2.3 Securely cap the container and place the container in a rotary spinning device for 16 hours.

9.2.4 Remove the containers from the rotator and allow the samples to settle. Allow the sample
leachate to settle and decant into a separate labeled container. Check the pH of the leachate. If
the pH is greater than 10, the sample is ready for distillation. If the pH is less than 10, the
leaching procedure is repeated with a smaller aliquot of solid.

NOTE: If the leachate pH is less than 10, the pH of the sample should be determined. If the
sample pH is highly acidic, the sample is not likely to contain cyanide amenable to the leaching
procedure.
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9.3 Sample Distillation

The distillation batch for cyanide may include both soils and liquids. The same method blank and
LCS (distilled standards) can be used for both matrices. MS/MSD are required at a frequency of
5% for all matrices.

9.3.1 Remove the samples from the storage refrigerator and allow the samples to come to room
temperature. Complete as much of the distillation log as possible for each batch of samples that
are being prepared.

9.3.2 Assemble the distillation apparatus as shown in the manufacturer's manual. Place 50 mL of
0.25 N NaOH into each absorber tube.

9.3.3 Add the samples to the distillation tubes.

9.3.2.1 Mix the liquid sample by inverting the container several times and transfer 50mL of a liquid
sample, the cyanide-amenable-to-chlorination sample, or soil leachate to the distillation tube.
Record the volume of sample distilled on the cyanide distillation log.

Add a 50mL aliquot of 0.25N NaOH into a distillation unit for the method blank.

Transfer two 50mL aliquots of a sample from the batch into each of two distillation units for the
MS and MSB.

Note: If cyanide-amenable-to-chlorination is requested on a soil matrix, the total cyanide is
determined on the soil leachate.

9.3.2.2 Homogenize soil samples by stirring with a stainless steel spatula. Add Ig of the well mixed soil
sample to the distillation tube. Add 50mL of reagent water to the distillation tube. Record the
weight of the sample to the nearest 0. Ig on the cyanide distillation log.

-Transfer two Ig aliquots of a sample from the batch into each of two distillation units for the MS
and MSD.

-The method blank is performed using only the reagents used for the distillation; that is, add
50mL of 0.25N NaOH to the empty distillation unit and assume a sample weight of l.Og.

9.3.3 Add 0.5mL of the KCN cyanide intermediate solution (lOmg/L) to each matrix spike (MS) and
matrix spike duplicate(MSD) sample.

The concentration of cyanide added to the liquid sample is

0.5mL®Wmg/L = 0.0005L®50mg/L = Q10 ^^^ /L

50 ml 0.050 L
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The concentration of cyanide added to the soil/solid sample is

0.5mL®lOmg/L 0.00005 L® 10 mg/L ...————————-— = ——————————-— = 5.0 me/Teg (if % solids = 100)
(1 g) (solids) (0.001 Okg)(solids)

where (solids) is the decimal equivalent of the percent solids

9.3.3.4 Every day samples are distilled, two calibration standards are prepared, distilled, and analyzed.
The volumes of the KCN cyanide intermediate added to prepare the standards are:

= 1Q /L
50 ml 0.05 OL

LOmLVWrng/L _ 0.0010L010mg/L = Q ^ = L

SOmL 0.050L

9.3.4 Connect the glassware and the tubing. Turn on the pump and the condenser water. Inspect each
unit to ensure that there are no leaks in the glassware or in the tubing.

9.3.5 Set the timer to 120 minutes and the heating block temperature to 125C.

9.3.6 Add 2mL of the magnesium chloride solution followed by 5mL of 1:1 sulfuric acid to each flask
through the distillation head. Rinse the inlet tube with a small aliquot of reagent water.

9.3.7 If the sample contains nitrate, add 5mL of sulfamic acid solution.

9.3.8 After the samples have been distilled, rum off the pump and allow tubes to cool for
approximately 20 minutes.

9.3.9 Pour the scrubber solution into a labeled lOOmL storage container.

9.3.10 Store the distillate in the dark in the refrigerator until ready to perform the colorimetric analysis.
The distillate must be analyzed before the 14-day holding time is up.

NOTE: The hold time is measured from day of collection and not from the day of distillation.

10.0 PROCEDURE

The analytical procedure for the determination of cyanide is given in SL SOP GE40.

11.0 CALCULATIONS

The calculations for the determination of cyanide are given in SL SOP GE40.
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12.0 QUALITY CONTROL/QUALITY ASSURANCE

SL SOP AN02: Analytical Batching, Table 13.1 of the SL QAP, and the SOP Summary- provide
guidance on evaluating QC and sample data

13.0 PREVENTATIVE MAINTENANCE

13.1 Check the pump to insure that there is sufficient oil for proper operation. Change the oil at a
frequency specified by the manufacturer.

13.2 Inspect the glassware and tubing each before and after use for signs of wear and breakage. Pay
particular attention to the ground glass joints.

13.3 Change the tubing and connectors if sample or reagents get into lines.

13.4 Check the temperature of the heater block annually.

13.5 Rinse the glassware thoroughly with reagent water to remove all traces of soap. Soap
residue that remains in the glassware may cause foaming in the distillation apparatus. The
glassware should be rinsed with 10% nitric acid after rinsing with water to remove traces of
cyanide and basic active sites and rinsed with deionized water to remove the acid residue.

14.0 TROUBLE-SHOOTING
See manufacturers manual for guidance on repairing the instrument.

15.0 REFERENCES

1. Test Methods for Evaluating Solid Waste, Third Edition, S W-846; U. S. EP A Office of Solid
Waste and Emergency Response: Washington, DC.

2. Methods for Chemical Analysis of Water and Wastes; U.S.EPA Office of Research and
Development: Cincinnati, OH, March, 1983.
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CYANIDE METHOD SUMMARY

HOLD/STORAGE
Routine Container

Preservative

Storage
Hold Time
Interference Checks

Aqueous: 250mL Plastic
Soils/Solids: 250-mL Plastic
Aqueous: NaOH to pH>12
Soils/Solids: None
4C (less than 6C with no frozen samples) from collection to analvsis
14 days from collection
Aqueous: Residual chlorine, sulfide. nitrate/nitrite. preservation (pH)

SAMPLE PREPARATION
Aqueous: MIDI, Macro, or custom distillation apparatus with molar volumes consistent with sample size.
Soils/Solids: Direct distillation
Soils/Wastes: Basic leaching procedure followed by distillation in MIDI or Macro distillation apparatus

Matrix

Aqueous or Leachate

Soils/Solids

Distillation

MIDI, Macro, or
Custom
Macro, MIDI, or
Custom

Maximum Sample
Volume/Weight
MIDI - 50mL
Macro - 500mL
MIDI-lg
Macro - lOg

Final volume of
Distillate
50ml
250ml
50mL
250ml

ANALYTICAL SEQUENCE- (9010B/9012A,335.2,335.4)
Initial Calibration- 6 point
Initial Calibration Verification (ICV)
Initial Calibration Blank (ICB)
LCS, method blank, and 7 Sample Measurements
Continuing Calibration Verification (CCV)
Continuing Calibration Blank (CCB)
10 Sample Measurements
CCV
CCB
10 Sample Measurements
CCV
CCB
The sequence continues until all of the samples are analyzed or the calibration verification or calibration
blank fail the acceptance criteria. The sequence must always end with CCV/CCB.

DISTILLATION BATCH- (9010B/9012A,335.2,335.4)
QC ITEM
Method blank

Distilled cal standards
(also serve as the LCS)
MS
MSD
Samples

Frequency
Per batch

2 per batch-70ug/L and 200ug/L

5% of samples per matrix
5% of sarnplesjjer matrix
Up to twenty samples

GE43 - Page 10 of 11 SAVANNAH LABORATORIES
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QC Check
Initial Calibration
-minimum 5 points with lowest point @
RL
(6 point curve is routinely analyzed)
Initial Calibration Verification (ICV) and
Continuing Calibration Verification
(CCV)

Initial Calibration Blank (ICB) and
Continuing Calibration Blank (CCB)

Method Blank

Distilled standards-(LCS/LCSD)

MS/MSD

Initial Demonstration of Capability

MDL Study

Minimum Frequency
Before sample analysis and when
continuing calibration verification
fail, (see sequence)

After initial calibration and after
every 10 sample measurements, (see
sequence)

After ICV and CCV

Per batch

Per batch

At a frequency of 5% of samples of
the same matrix (one MS and one
MSD per twenty samples)
Per analyst

-SL SOP CA90

Acceptance Criteria
Regression curve with correlation
coefficient >=0.995; initial
calibration verification within +/-
10% of expected value
+/-10% of expected value

< RL SL CQAP Table 5

< RL SL CQAP Table 5

+/-10% of expected value

SL CQAP Table 5

-linearity criteria
-recovery of QCS within 90-1 10%
-determination of MDL
-SL SOP CA90

Corrective Action
-Evaluate curve and check calculations
-Reanalyze standard(s)
-Remake and reanalyze standard(s)
-Inspect instrument for proper operation
-Check calculation
-Reanalyze ICV/CCV
-Remake and reanalyze ICV/CCV
-Recalibrate
-Inspect instrument for proper operation
-Check calculations
-Reanalyze ICB/CCB
-Determine source of contamination and
reanalyze samples if necessary
-Check calculations
-Reanalyze method blank
-Determine source/cause of
contamination and reanalyze associated
samples if necessary
-Check calculations
-Reanalyze distillate
-AN02 Decision Matrix
-Check calculations
-Reanalyze distillate
-AN02 Decision Matrix
-Reanalyze samples

-repeat MDL study(I)r
llII
ll
II
1
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